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(54) Transparent coated molded product and method for producing the same 



(57) A transparent coated molded product compris- 
ing a transparent synthetic resin substrate and two or 
more transparent cured material layers provided on at 
least one part of the surface of the transparent synthetic 
resin substrate, wherein an inner layer in contact with 
the outermost layer of the two or more transparent 
cured material layers is an abrasion-resistant layer 
which is a cured material of an active energy ray-cura- 
ble coating agent (A) containing a polyfunctional com- 
pound (a) having at least 2 active energy ray-curable 
polymerizable functional groups and the outermost 
layer is a silica layer which is a cured material of a cura- 
ble coating agent (B) of polysilazane or a curable coat- 
ing agent (B) containing polysilazane. 
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Description 

: [0001 J The present invention relates to a transparent coated molded product having a transparent cured material layer 
excellent in abrasion resistance, transparency and weather resistance, which comprises a cured material layer derived 
5 from an active energy ray (particularly ultraviolet light)-curable coating agent and a silica layer derived from a coating 
agent of polysilazane or a coating agent containing polysilazane, on a transparent synthetic resin substrate, and a 
method tor producing the transparent coated molded product. 

[0002] Recently, a transparent synthetic resin material has been used as a transparent material in place of glass. Par- 
ticularly, an aromatic polycarbonate type resin is excellent in shatter resistance, transparency, lightness and processa- 

10 bWtfy, and is used as a transparent material of large area for an outer wall, an arcade and the like. Also, a transparent 
synthetic resin material is used for vehicles such as automobiles partly in place of glass (hereinafter referred to as "inor- 
ganic glass"). However, as a substitute for glass, the transparent synthetic resin material has a defect of easily losing 
its transparency because ft is liable to be damaged or to be abraded due to its insufficient hardness of the surface. Here- 
tofore, many attempts have been made to improve resistance to scuffing or abrasion resistance of an aromatic polycar- 

15 bonate type resin. One of most general methods is to obtain a molded product having a transparent cured material layer 
excellent in resistance to scuffing by coating a polymerization-curable compound having at least 2 polymerizaWe func- 
tional groups such as an acrylpyl group in one molecule on a substrate and curing by heat or an active energy ray such 
as ultraviolet light According to this method, a coating composition is relatively stable, and productivity is excellent 
since curing can be made by ultraviolet light, and when a molded product is bending-processed, cracks do not occur on 

20 a cured coating layer and resistance to scuffing and abrasion resistance of the surface of the layer are improved. How- 
ever, since the cured coating layer comprises an organic material only, the level of resistance to scuffing of the surface 
of the layer is limited. 

[0003] On the other hand, as a method for imparting a higher surface hardness to a substrate, there is a method com- 
prising coating a metal alkoxide compound on a substrate and curing. A silicon type compound is widely used as a 

25 metal alkoxide compound, and a cured coating layer excellent in abrasion resistance can be formed. However, since 
adhesiveness between the cured coating layer and a substrate is poor, there is a defect of causing peeling or cracks. 
[0004] As a method for improving these technical defects, there is a method comprising coating a mixture of a com- 
pound having an acryloyl group and colloidal silica on a substrate and curing the coating with an active energy ray such 
as ultraviolet light to form a transparent cured material layer excellent in resistance to scuffing (JP-A-61-181809). By 

30 using colloidal silica and a polymerization-curable compound in combination, a considerably high surface hardness and 
a satisfactory productivity can be achieved. However, the product is still poor in respect of its surface resistance to scuff- 
ing as compared with the above mentioned method comprising coating a metal alkoxide compound on a substrate and 
curing. 

[0005] Further, there is known a method of using polysilazane in place of the above mentioned silicon type metal 
35 alkoxide compound, i.e. a method of coating polysilazane on a substrate and curing by heat (JP-A-8-143689). It is con- 
sidered that polysilazane causes a condensation reaction or an oxidation reaction in the presence of oxygen and is con- 
verted to silica (silicon dioxide) which may contain a nitrogen atom, and finally forms a silica layer containing 
substantially no nitrogen atom. The silica layer derived from polysilazane has a high surface hardness. However, this 
layer is poor in adhesiveness between the layer and a substrate in the same manner as in the case of using a metal 
40 alkoxide compound, and has a defect of easily causing peeling or cracks. 

[0006] Still further, there is known a method of forming a silica surface layer by forming a protective layer on a plastic 
layer and coating polysilazane solution on its surface (JP-A-9-39161). The protective layer is provided to prevent the 
plastic film from being attacked by the solvent of the polysilazane solution. 

[0007] It is known that the surface of the silica layer formed from polysilazane has abrasion resistance. However, the 
45 present inventors have found that surface properties such as abrasion resistance and resistance to scuffing on the sur- 
face of this silica layer vary depending on the material of its lower layer. It is considered that this is because the surface 
properties are influenced by adhesiveness between the silica layer and its lower layer and abrasion resistance of the 
surface of the lower layer in contact with the silica layer. 

[0008] The present inventors have studied the material of a lower layer which imparts high surface properties to a 
so silica layer surface, and have found a lower layer material having a specif ic material quality and surface properties. This 
lower layer material has a high adhesiveness to a silica layer, and also has a sufficient adhesiveness to a substrate. 
That is, the present inventors have discovered a transparent synthetic resin molded product having a transparent cured 
material layer having a surface abrasion resistance equivalent or close to glass and having a sufficient adhesiveness to 
an inner layer and also to a substrate although an outermost layer is an inorganic material layer. Thus, the present 
55 invention resides in the following molded product and the following methods of producing the same. 

[0009] A transparent coated molded product comprising a transparent synthetic resin substrate and two or more 
transparent cured material layers provided on at least one part of the surface of the transparent synthetic resin sub- 
strate, wherein an inner layer in contact with the outermost layer of the two or more transparent cured material layers is 
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an abrasion-resistant layer which is a cured material of an active energy ray-curable coating agent (A) containing a poly- 
functional compound (a) having at least 2 active energy ray-curable polymerizable functional groups and the outermos 
layer is a silica layer which is a cured material of a curable coating agent (B) of polysilazane or a curable coating agent 
(B) containing polysilazane. 

[0010] A method for preparing a transparent coated molded product comprising a transparent synthetic resin sub- 
strate and two or more transparent cured material layers provided on at least one part of the surface of the transparent 
synthetic resin substrate, wherein an inner layer in contact with the outermost layer of the two or more transparent cured 
material layers is an abrasion-resistant cured material layer of an active energy ray-curable coating agent (A) containing 
a polyfunction^ compound (a) having at least 2 active energyray-curable polymerizable functional groups and the out- 
ermost layer is a silica layer of a cured material of a curable coating agent (B) of polysilazane or a curable coating agent 
(B) containing polysilazane, the method comprising forming a cured material layer of the coatmg agent (A), form.ng an 
uncured material layer of the coating agent (B) on the surface of the cured material layer of the coating agent (A) and 

rOTiT"? method for preparing a transparent coated molded product comprising a transparent synthetic resin sub- 
strate and two or more transparent cured material layers provided on at least one part of the surface of the transparent 
synthetic resin substrate, wherein an inner layer in contact with the outermost layer of the two or more transparent cured 
material layers is an abrasion-resistant cured material layer of an active energy ray-curable coating agent (A) containing 
a polyfunction^ compound (a) having at least 2 active energy ray-curable polymerizable functional groups and the out- 
ermost layer is a silica layer of a cured material of a curable coating agent (B) of polysilazane or a curable coating agent 
(B) containing polysilazane. the method comprising forming an uncured or partially cured material layer of the coating 
agent (A) forming an uncured material layer of the coating agent (B) on the surface of the uncured or partially cured 
material layer of the coating agent (A), and curing the uncured or partially cured material of the coating agent (A) and 
the uncured material of the coating agent (B). 

[00121 A method for preparing a bending-processed transparent coated molded product comprising a transparerrt 
synthetic resin substrate and 2 or more transparent cured material layers provided on at least one part of the surface of 
the transparent synthetic resin substrate, wherein an inner layer in contact with the outermost layer of the 2 or more 
transparent cured material layers is an abrasion-resistant cured material layer of an active energy ray-curable coating 
agent (A) containing a polyfunction^ compound (a) having at least 2 active energy ray-curable polymerizable functional 
groups and the outermost layer is a silica layer of a cured material of a curable coating agent (B) of polysilazane or a 
curable coating agent (B) containing polysilazane, the method comprising forming a layer of an uncured, partially cured 
or cured material of the coating agent (A), forming a layer of an uncured a partially cured material of the coating agent 
(B) on the surface of the layer of the coating agent (A), subjecting the substrate having these layers to bending-process- 
ing. and then curing the uncured or partially cured material of the coating agent <B) and the uncured or partially cured 

material of the coating agent (A). 

[001 3] The transparent cured material layer in the present invention compnses at least 2 layers, and an outermost 
layer comprising a silica layer is not formed directly on a relatively soft transparent synthetic resin substrate, but is 
formed on an inner layer of a hard transparent cured material layer having a high abrasion resistance. Therefore, a dis- 
placement of the outermost layer caused by an external force applied to a transparent coated molded product*, make 
a scuffing becomes smaller, and therefore surface properties more satisfactory than surface properties imparted by an 
ordinary inorganic layer can be provided. „. « 

[0014] In the present invention, the transparent cured material layer comprises at least two layers including an outer- 
most layer and an inner layer in direct contact with the outermost layer. There may be a third layer comprising other syn- 
thetic resin present between a transparent synthetic resin substrate (hereinafter simply referred to as "substrate^ and 
a transparent cured material layer. For example, an adhesive layer or a thermoplastic resin layer such thermoplastic 
acrylic resin may be present. Generally, the transparent cured material comprises two layers of an inner layer and an 
outermost layer. The inner layer of the transparent cured material layer may comprise at least two layers of transparerrt 
cured materials of different kinds. 

[0015] Among the transparent cured material layers, the inner layer in contact with the outermost layer is a cured 
material layer of an active energy ray-curable coating agent (A) having a high adhesiveness to the outermost layer and 
also having a high adhesiveness to a substrate. When a third layer is present between the inner layer and the substrate, 
the third layer should preferably have a satisfactory adhesiveness to both layers. Further, the inner layer has a satisfac- 
tory abrasion resistance. «4 it« -«„ im 

[0016] The inner layer preferably has an abrasion resistance expressed by a haze value of at most 15% after 100 
rotations (difference between a haze value after abrasion test and a haze value before abrasion test) according to abra- 
sion resistance test of JIS R 3212. The abrasion resistance test is carried out with regard to a test piece having a cured 
material layer of coating agent (A) formed on a substrate (not necessarily a substrate). Since the transparent coated 
molded product of the present invention has an outermost layer formed on this cured matenal layer, it is difficult to apply 
the transparent coated molded product itself to the abrasion resistance test of the inner layer. The inner layer has more 
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preferably an abrasion resistance expressed by a haze vale of at most 1 0%, most preferably at most 5% after 100 rota- 
tions. 

[001 7] In order to obtain an inner layer having a satisfactory adhesiveness and a high abrasion resistance, a polyfunc- 
tional compound (a) is used as an active energy ray-curable coating agent (A). Further, it is preferable to use a specific 

5 polyfunctional compound (a) in order to obtain a cured material having a higher abrasion resistance. The preferable 
specific polyfunctions compound (a) is described hereinafter with regard to a preferable polyfunctional compound (a). 
Also, in order to form a cured material having a high abrasion resistance in the same manner as mentioned above, it is 
preferable to form a cured material containing colloidal silica by Wending colloidal silica having an average particle size 
of at most 200 nm with coating agent (A). Further, in order to efficiently cure a polyfunctional compound (a) with an 

10 active energy ray (particularly ultraviolet ray), coating agent (A) generally contains a photopolymerization initiator. Also, 
the term "polyfunctional" means to have at least 2 polymerizable functional groups curable with an active energy ray. 
Still further, depending on an object, it is possible to incorporate other additives. Thus, coating agent (A) is a curable 
composition generally containing a polyfunctional compound (a). 

[001 8] A polyfunctional compound (a) having at least 2 polymerizable functional groups curable with an active energy 
15 ray in coating agent (A) may be one kind of polyfunctional compound or plural kinds of polyfunctional compounds. When 
plural kinds of polyfunctional compounds are used, the compounds may be different compounds belonging to the same 
genre or different compounds belonging to different genres. For example, they may be a combination of different com- 
pounds, each of which belongs to acrylurethane described below, or they may be a combination of different com- 
pounds, one of which is acrylurethane and the other which is an acrylate compound having no urethane bond. 
20 [001 9] Examples of an active energy ray-curable polymerizable functional group in the polyfunctional compound hav- 
ing at least 2 active energy ray-curable polymerizable functional groups, include an addition-polymerizable unsaturated 
group such as a (meth)acryloyl group, a vinyl group and an allyl group or a group having the same, preferably a 
(meth)acryloyl group. Thus, a preferable example of a polyfunctional group includes a compound having at least 2 
polymerizable functional groups of at least one kind selected from (meth)acryloyl groups. Among them, an acryloyl 
25 group easily polymerizable with ultraviolet light is particularly preferable. 

[0020] Also, the polyfunctional compound may be a compound having at least 2 polymerizable functional groups of 
at least 2 kinds in total in a molecule, or may be a compound having at least 2 polymerizable functional groups of the 
same kind in total in a molecule. The number of polymerizable functional groups in one molecule of the polyfunctional 
compounds is at least 2, and is not specially limited, but usually from 2 to 50, preferably from 3 to 30. 
30 [0021] In the present specification, an acryloyl group and a methacryloyl group are expressed generally as a 
(meth)acryloyl group, and this expression is the same as in the cases of a (meth)acryloyloxy group, a (meth)acrylic acid, 
a (meth)acrylate and the like. Further, among these groups or compounds, more preferable examples include those 
having an acryloyl group, such as an acryloyloxy group, an acrylic acid, an acrylate and the like. 
[0022] Preferable examples of a polyfunctional compound (a) include a compound having at least 2 (meth)acryloyl 
35 groups. Among them, an ester compound having at least 2 (meth)acryloyloxy groups, i.e. a polyester of (meth)acrylic 
acid with a compound having at least 2 hydroxy! groups such as a polyhydric alcohol, is preferable. 
[0023] Coating agent (A) may contain at least 2 polyfunctional compounds as a polyfunctional compound (a). Also, in 
addition to the polyfunctional compounds, it may contain a monof unctional compound having one polymerizable func- 
tional group polymerizable with an active energy ray. The term "monofunctional" means to have one polymerizable 
40 functional group curable with an active energy ray, and may have a functional group other than a polymerizable func- 
tional group. As an example of a monofunctional compound, a compound having a (meth)acryloyl group, particularly a 
compound having an acryloyl group, is preferable. 

[0024] The case of using this monofunctional compound in coating agent (A), the proportion of this monofunctional 
compound to the total amount of a polyfunctional compound (a) and this monofunctional compound is not specially lim- 
45 ited, but preferably from 0 to 60 wt%. If the proportion of a monofunctional compound is too large, hardness of a cured 
coating layer becomes lowered and abrasion resistance becomes unsatisfactory. A more preferable proportion of a 
monofunctional compound to the total amount of a polyfunctional compound (a) and a monofunctional compound is 
from 0 to 30 wt%. 

[0025] A polyfunctional compound (a) may be a compound having various functional groups or bonds other than 
so polymerizable functional groups. For example, it may have a hydroxyl group, a carboxyl group, a halogen atom, a ure- 
thane bond, an ether bond, an ester bond, a thioether bond, an amino bond, a diorganosiloxane bond or the like. Par- 
ticularly, a (meth)acryloyl group-containing compound having a urethane bond (i.e. acrylurethane) and a (meth)acrylate 
compound having no urethane bond are preferable. Hereinafter, these two kinds of polyfunctional compounds are 
explained. 

ss [0026] Examples of a (meth)acryloyl group-containing compound having a urethane bond (hereinafter referred to as 
-acrylurethane") include (1) a reaction product of a compound (X1) having a (meth)acryloyl group and a hydroxyl group 
and a compound having at least 2 isocyanate groups (hereinafter referred to as "polyisocyanate"), (2) a reaction product 
of a compound (X1), a compound (X2) having at least 2 hydroxyl groups and polyisocyanate, (3) a reaction product of 
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a compound (X2) and a compound (X3) having a (meth)acryioyl group and an isocyanate group, and the like. In these 
reaction products, it is preferable that an isocyanate group is not present, but a hydroxy! group may be present There- 
fore, in the preparation of these reaction products, it is preferable that the total mol number of hydroxyl groups in all 
reaction starting materials is equivalent to or more than the total mol number of isocyanate groups. 
[0027] Examples of the compound (X1 ) having a (meth)acryloyl group and a hydroxyl group include a compound hav- 
ing one (meth)acryloyl group and one hydroxyl group, a compound having at least 2 (meth)acryloyl groups and one 
hydroxyl group, a compound having one (meth)acryloyl group and at least 2 hydroxyl groups, a compound having at 
least 2 (meth)acryloyl groups and at least 2 hydroxyl groups, and the like. Particular examples include 2-hydroxyethyl 
(meth)acrylate. trimethyloipropane di(meth)acrylate, trimethylolpropane mono(meth)acrylate and pentaerythritol 
di(meth)acrylate in the above order. These are a monoester of a compound having at least 2 hydroxyl groups and 
(meth)acrylic acid or a polyester having at least one hydroxyl group remained. 

[0028] The compound (X1) may be a ring-opening reaction product of a compound having at least one epoxy group 
and (meth)acrylic add. By reaction of an epoxy group and (meth)acrylic acid, the epoxy group is ring-opened to form 
an ester bond and a hydroxyl group, and a compound having a (meth)acryloyl group and a hydroxyl group is produced. 
Alternatively, an epoxy group of a compound having at least one epoxy group is ring-opened to produce a hydroxyl 
group-containing compound, which is then converted into a (meth)acrylate. 

[0029] As a compound having at least one epoxy group, a monoepoxide having one epoxy group or a polyepoxide 
referred to as an epoxy resin is preferable. Preferable examples of the epoxide include a compound having at least 2 
glycidyl groups such as polyhydric phenolspolyglycidylether (e.g. bisphenol A-diglycidylether) or a cycloaliphatic epoxy 
compound. Further, a reaction product of an epoxy group-containing (meth)acrylate and a hydroxyl or carboxyl group- 
containing compound can be used as a compound (X1). Examples of the epoxy group-containing (meth)acrylate 
include glycidyl (meth)acrylate. 

[0030] As a polyepoxide. a commercially available epoxy resin such as glycidylether type polyepoxide or 
cycloaliphatic type polyepoxide may be used. Examples of the polyepoxide include bisphenol A-diglycidylether, bisphe- 
nol F-diglycidylether, tetrabromobisphenoi A-diglycidylether, glycerin triglycidylether, novolak polyglycidylether, vinyl 
cyclohexenedioxide, dicyclopentadienedioxide. and the like. 

[0031] Examples other than the above mentioned compounds (X1) include 2-hydroxypropyl(meth)acrylate.:1.3-pro- 
panediolmono(meth)acrylate, 1 ,4-butanediolmono(meth)acrylate, 2-butene-1 ,4-diolmono(meth)acrylate, 1 ,6-hexanedi- 
olmono(meth)acrylate, glyceroldi(meth)acrylate, pentaerythritoltri(meth)acrylate, dipentaerythritolmono(or 
penta)(meth)acrylate, polyethyleneglycolmono(meth)acrylate, polypropyleneglycolmono(meth)acrylate, a reaction 
product of bisphenol A-diglycidylether and (meth)acrylic acid, and the like. 

[0032] Examples of polyisocyanates include an ordinary monomer type polyisocyanate, a polymer form or modified 
form of polyisocyanate, or prepolymertype compound such as isocyanate group-containing urethane prepolymer. 
[0033] Examples of a polymer form of polyisocyanate include a tr.mer (isocyanurate-modified form), a dimer, a car- 
bodiimide-modifiecl form, and the like, and examples:of the modified form of polyisocyanate include modified urethanes 
modified with a polyhydric alcohol such as trimethyiolpropane, modified biuret , modified allophanate, modified urea, 
and the like. Examples of the prepolymer type compound include isocyanate group-containing urethane prepolymers 
obtained by reaction of polyisocyanate and polyol such as the following polyether polyol or polyester poiyol. These 
polyisocyanates may be used in a combination of two or more. 

[0034] Particular examples of the monomer type polyisocyanate (terms in parentheses [ ] are abbreviations) include 
2,6-tolylenediisocyanate, 2,4-tolylenediisocyanate, methylenebis(4-phenylisocyanate) [MDQ, 1 ,5-naphthalenediisocy- 
anate, tridinediisocyanate, hexamethylenedi isocyanate, isophoronediisocyanate, p-phenylenediisocyanate, transcy- 
clohexane-1,4<liisocyanate, xylylenediisocyanate [XDl], hydrogenated XDI, hydrogenated MDI, lysinedi isocyanate. 
tetramethylxylenediisocyanate, trimethylhexamethylenediisocyanate, lysineestertriisocyanate. 1,6,1 1 -undecanetriiso- 
cyanate, 1 ,8-diisocyanate-4-isocyanatemethyloctane, 1 ,3,6-hexamethylenetriisocyanate, bicycloheptanetriisocyanate, 
and the like. 

[0035] A particularly preferable polyisocyanate is a polyisocyanate which is not colored yellow (polyisocyanate having 
no isocyanate group directly bonded to an aromatic nucleus), examples of which include an aliphatic polyisocyanate 
such as hexamethylenediisocyanate, a cycloaliphatic polyisocyanate such as isophorone diisocyanate, an aromatic 
polyisocyanate such as xylylenediisocyanate, and the like. As mentioned above, polymers or modified forms of these 
polyisocyanates are also preferable. 

[0036] Examples of the compound (X2) having at least 2 hydroxyl groups include a polyhydric alcohol, a polyol having 
a molecular weight higher than a polyhydric alcohol, and the like. 

[0037] Examples of the polyhydric alcohol include a polyhydric alcohol having 2 to 20 hydroxyl groups, preferably a 
polyhydric alcohol having 2 to 1 5 hydroxyl groups. The polyhydric alcohol may be an aliphatic polyhydric alcohol, or may 
be a cycloaliphatic polyhydric alcohol or a polyhydric alcohol having an aromatic nucleus. 

[0038] Examples of the polyhydric alcohol having an aromatic nucleus include alkyleneoxide adducts of polyphenols, 
ring-opened products of polyepoxides having an aromatic nucleus such as polyphenols-polyglycidylethers, and the like. 
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[0039] Examples of the polyol having a high molecular weight include polyether polyol, polyester polyol, polyether- 
ester polyol, polycarbonate polyol, and the like. Also, as a polyol, a hydroxyl group-containing vinyl polymer may be 
used. These polyhydric alcohols and polyols may be used in a combination of two or more. 

[0040] Particular examples of the polyhydric alcohol include ethyleneglycol, 1,2-propyleneglycol, 1,3-propanediol, 
s 1 ,3-butanediol, 1 ,4-butanediol, 1 ,6-hexanediol, diethyleneglycol, dipropyleneglycol, neoperrtylglycol, 2,2,4-trimethyl- 
1,3-pentanediol, cyclohexanediol, dimethylolcyclohexane, trimethylolpropane, glycerin, pentaerythrito!, ditrimethylol- 
propane, dipentaerythritol, tris(2-hydroxyethyl)isocyanurate, tris(2-hydroxypropyl)isocyanurate, 3,9-bis(hydroxymethyl)- 
2,4,8,10-tetraoxaspiro[5.5]undecane, 3,9-bis(2-hydroxy-1,1<fimethylethyl)-2 l 4,8,10-tetraoxaspiro[5.5]undecane, ring- 
opened material of bisphenol A«diglycidylether, ring-opened material of vinyl cyclohexenedioxide, and the like. 
10 [0041] Particular examples of polyols include a polyether polyol such as polyethyleneglycol, polypropyleneglycol, 
bisphenol A-alkyleneoxide adduct or polytetraethyleneglycol, an aliphatic polyol such as polybutadienediol or hydrogen- 
ated polybutadienediol, poly c-caprolactonepolyol, a polyesterpolyo! obtained by reaction of the above polyhydric alco- 
hol and a polybasic acid such as adipic acid, sebacic acid, phthalic acid, maleic acid, fumaric acid, azeiaic acid or 
glutaric acid, a polycarbonatediol obtained by reaction of phosgene and 1 ,6-hexanediol, and the like. 
15 [0042] Examples of the hydroxyl group-containing vinyl polymer include copolymers of a monomer containing no 
hydroxyl group (such as olefin) and a hydroxyl group-containing monomer (such as allylalcohol, vinyl alcohol, hydroxy- 
alkylvinyl ether or hydroxyalkyl(meth)acrylate), and the like. 

[0043] Examples of the compound (X3) having a (meth)acryloyl group and an isocyanate group indude 2-isocyana- 
teethyl(meth)acrylate, methacryloylisocyanate, and the like. 

20 [0044] Hereinafter, a (meth)acrylate compound having no urethane bond is explained below. 

[0045] Examples of a (meth)acrylate compound having no urethane bond preferable as a polyfunctional compound 
(a), include a polyester of (meth)acrylic acid and a compound having at least 2 hydroxyl groups in the same manner as 
the above mentioned compound (X2). Preferable examples of the compound having at least 2 hydroxyl groups include 
the above mentioned polyhydric alcohols or polyols. Further, preferable examples include a (meth)acrylate compound 

25 --which-is-a-reaction product of (meth)acrylic acid-and-a compound-having at least 2 epoxy groups. As the compound 
having at least 2 epoxy groups, the above mentioned polyepoxides can be used. 

[0046] Particular examples of a polyfunctional compound containing no urethane bond are illustrated below. 
[0047] (Meth)acrylates of aliphatic polyhydric alcohols such as 1,4-butanedioldi(meth)acrylate, neopentyigly- 
coldi(meth)acrylate, 1,6-hexanedioldi(meth)acrylate, a di(meth)acrylate of a long chain aliphatic diol having a carbon 

30 number of 14 to 15, 1 ,3-butanedioldi(meth)acrylate, ethyleneglycoldi(meth)acrylate, diethyleneglycoldi(meth)acryiate, 
glyceroltri(meth)acrylate, glyceroldi(meth)acrylate, triglyceroldi(meth)acrylate, trimethylolpropanetri(meth)acrylate, dit- 
rimethylolpropanetetra(meth)acrylate, pentaerythritoltrKmethJacrylate, perrtaerythritoltetra(meth)acrylate, dipentaer- 
ythritolhexa(meth)acrylate, dipentaerythritolpenta(meth)acrylate, a di(meth)acrylate of a triol comprising a condensate 
of neoperrtylglycol and trimethylolpropane, and the like. 

35 [0048] (Meth)acrylates of polyhydric phenols or polyhydric alcohols having an aromatic nucleus or triazine nucleus 
such as tris(2-(meth)acryloyloxyethyl)isocyanurate, bis(2-(meth)acryloyloxyethyl)-2-hydroxyethylisocyanurate 1 tris(2- 
(meth)acryloyloxypropyl)isocyanurate, bis(2-(meth)acryloyloxyethyl)bisphenol A, bis(2-(meth)acryloyloxyethyl)bisphe- 
nol S, bis(2-(meth)acryloyloxyethyl)bisphenol F, bisphenol A dimethacrylate, and the like. 

[0049] Hydroxy group-containing compound-alkyiene oxide adduct-(meth)acrylate, hydroxy group-containing com- 
40 pound-caprolactone adduct-(meth)acrylate, polyoxyalkylene polyol-(meth)acrylate. In the following compounds, EO 
represents "ethylene oxide", and PO represents "propylene oxide", and the numbers in the parentheses [ ] indicate 
molecular weights of polyoxyalkylene polyol. Trimethylolpropane-EO adduct-tri(meth)acrylate, trimethylolpropane-PO 
adduct-tri(meth)acrylate, triethyleneglycoldi(meth)acrylate, tetraethyleneglycoldi(meth)acrylate, tripropyienegly- 
coldi(meth)acrylate, dipentaerythritoicaprolactone adduct-hexa(meth)acrylate, tris(2-hydroxyethyl)isocyanurate-caprol- 
45 actone adduct-tri(meth)acrylate, polyethyleneglycol[200-1 000]di(meth)acrylate. polypropyleneglycol[200- 
1000]di(meth)acrylate, tris(2-hydroxyethyl)isocyanurate-caprolactone adduct-tri(meth)acrylate, and the like. 
[0050] The following (meth)acryloyl group-containing carboxylate or phosphate such as bis(acryloyloxyneopentyigly- 
col)adipate, hydroxypivalic acid neoperrtylglycolester-di(meth)acrylate, hydroxypivalic acid neopentylglycolester-capro- 
lactone adduct-di(meth)acryiate, bis(2-(meth)acryloyloxyethyl)phosphate, tris(2-(meth)acryloyloxyethyl)phosphate. and 
so the like. 

[0051] The following polyepoxide-(meth)acrylic acid adduct (wherein one molecule of (meth)acrylic acid is adducted 
per one epoxy group of epoxide), and reaction product of glycidyl(meth)acrylate and polyhydric alcohol or polycarbox- 
ylic acid (wherein at least two molecules of glycidyl (meth)acrylate are reacted per one molecule of polyhydric alcohol 
or the like) such as bisphenol A-diglycidyl ether-(meth)acrylic acid adduct, vinyl cyclohexenedioxide-(meth)acrylic acid 
55 adduct, dicyclopentadiene dioxide-(meth)acrylic acid adduct glycidyl(meth)acrylate-ethyleneglycol reaction product. 
"glycidyl(rheth)acrylate-propyleneglycol reaction product, glycidyl(rheth)acrylate-diethyleneglycol reaction product, gly- 
cidyl(meth)acrylate-1,6-hexanediol reaction product, glycidyl(meth)acrylate-glycerol reaction product, glyci- 
dyl(meth)acrylate-trimethylolpropane reaction product, glycidyl(meth)acrylate-phthalic acid reaction product, and the 
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[0052] Alkylether-modified products, alkenylether-modified products and cartoxylate-modrfied products of such com- 
pounds having unreacted hydroxyl groups as the above mentioned (meth)acrylates (hereinafter referred to as modified 
product") such as alkyl-modified dipentaerythritol penta(meth)acrylate. alkyl-modified dipentaerythmol tetrafmet^acr- 
ylate, alkyl-modified dipentaerythritol tri(meth)acrylate. vinyl cydohexenedioxide-(me*,)acryl.c acd ad duct-d ylettjer- 
modified product, vinyl cyciohexenedioxide-(meth)acrylic acid adduct-methylether-modrf.ed product, steanc acd-modi- 
fied pentaerythritol di(meth)acrylate, and the like. ,. .„ Wo 

[0053] in order for a cured material of coating agent (A) to provide a satisfactory abraaon r«,stence 
hat at least one part (preferably at least 30 wt%) of a polyfunctional compound (a) B at least trrfunctional P**"*"* 
compound. Preferably at least 50 wt% of a polyfunctional compound (a) is at least tnfuncbonal P 01 ^"^^. 
pound. Examples of a preferable polyfunctional compound (a) include the following acrylurethane and polyfunctional 

compounds having no urethane bond. MrM ^n 
roo541 Examples of the acrylurethane include preferably at least 3-funct,onal (preferably 4-20 functional) acry- 
lurethane compound which is a reaction product of hydroxyalkyl(meth)acrylate, polyisocyanate and I pentaerythrrtol or 
polypentaerythritol. or a reaction product of polyisocyanate and a hydroxyl group-contain.ng poly(meth)acrylate of pen- 

'^££S2ZStt compound conning no urethane bond includes preferably penteerythrrto, 
Upoly(meth)acrylate.isocyanu ra tetypepoly(meth)acrylate, and the ^^*7^^^£^^ 
isa polyiter (preferably 4-20-functional) of (meth)acrylic acid and pentaerythrrtol or polypentaerythrrtol. The .socyanu- 
rate type poly(meth)acrylate is a polyester (2-3-functional) of (meth)acrylic acid and tri^hydro^alkylj.socyanurate or an 
Edition pr Juct of 1 md of the isocyanurate arri 1 -6^ 

preferable polyfunctional compounds with other at least 2-functional compounds (particularly poly meth)acrylate ofpol- 
yhydric alcohol) in combination. These preferable polyfunctional compounds are used preferably .n an amount of at 
least 30 wt% more preferably at least 50 wt%, to the total amount of polyfunctional compounds (a). 
25 [0056] Examples a monofunctional compound usable with a polyfunctional compound (a) include preferably a com- 
" pound having one (meth)acryloyl group in a molecule. Such a monofunctional compound may contain a functional 
group such as a hydroxyl group, an epoxy group or the like. Preferable examples of the monofunctional compounds 
include (meth)acrylic acid ester. i.e. (meth)acrylate. „ ^m,^. 

[0057] Particular examples of the monofunctional compounds includes methyl(meth)acrylate. ethyKmeth)acrylate, 
butyl(meth)acrylate, isobutyl(meth)acryiate. t-butyl(meth)acrylate. 2-ethy1h^l(meth)acrylate. ^^^^^ 
decyl(meth)ac^late. cyclohexyl(meth)acrylate. 2-hydroxyethyl(meth)acrylate, 2-hydroxypropyl(meth)acry^a e. g yci- 
dyl(m^ylate. tetrahydrdurfury.(meth)acrylate. benzy.(meth)acrylate. 1 > 4-butyleneg.ycolmono(meth)acrylate. 
ethoxyethyl(meth)acrylate, phenylglycidylether(meth)acrylic acid adduct. and the like. 

[0058] In order to raise abrasion resistance and hardness of a transparent cured matenal layer .n direct contact with 
an outermost layer, coating agent (A) may contain an effective amount of colloidal silica having an average particle size 
ofTmSo nm The average particle size of the colloidal silica is preferably from 1 to 1 00 nm more preferably from 
? to SSZi .view of improvement on dispersion stabilrty of colloidal silica and adhesiveness betw«*v 
and a polyfunctional compound, thecolloidal silica is preferably the following surface-modrf.ed collo.dal silica (heremaf- 
ter referred to simply as "modified colloidal silica"). 
40 [0059] When using colloidal silica, in order to fully achieve its effect, the colloidal silica is used in an amount of pref- 
S at least 5 parts by weight, more preferably at .east 10 parts by weight, to 100 parts by we,ght of a curable com- 
ponent (the totaramount of a polyfunctional compound and a monofunctional compound) of a transparerrt cured 
material layer. If the amount of colloidal silica is too small, a satisfactory abrasion res.stance the main purpose of Uend- 
LTZuS silica) can not be obtained. On the other hand, if the amount of colloidal srtica ,s too large a coating layer 
sliSe to cause haze, and cracks easily occur when a transparent coated molded product ,s subjected to secondary 
processing such as thermal bending processing. Thus, the upper limit of the amount of colloidal silica in a transparent 
curing material layeris preferably 300 parts by weight to 100 parts by weigm of a curable component. A more preferable 
amount of colloidal silica is from 50 to 250 parts by weight to 100 parts by weight of a curable component, 
rooeoi As colloidal silica, it is possible to use surface-unmodified colloidal silica, but rt ,s more preferable to use mod- 
rtied-colloidal silica. Modified-colloidal silica improves dispersion stability of colloidal silica in composition, rt is cons.d- 
erS that an average particle size of colloidal silica particles does not substantially change or ,s enlarged a little by 
mSrfication. but an average particles size of the modKied colloids, silica obtained is considered to be wrthm the above 

mentioned range. Hereinafter, the modified colloidal silica is explained. 

[0061] Unmodified colloidal silica which is a starting material for modified colloidal s.l.ca is avartable in an acidic or 

bTsicdiiplrsOT 

make a dispersion acidic by adding an organic acid so as to prevent gelation of a curable composition for a transparent 
cured material layer or to prevent precipitation of silica from colloidal silica dispersion system . 
So62] Various dispersion media are known as a dispersion medium for colloidal silica, and a d,spers.on medium for 
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a starting colloidal silica is not specially limited. If necessary, modification can be carried out by changing a dispersion 
medium or a dispersion medium can be changed after modification. It is preferable to use a medium (solvent) of a cur- 
able cornposition for a transparent cured material layer in direct contact with a substrate as a dispersion medium for a 
modified colloidal silica. The medium of a curable composition for a transparent cured material layer in direct contact 
5 with a substrate is preferably a solvent having a relatively low boiling point, i.e. an ordinary solvent for a paint, in view 
of drying property. When considering easy production, it is preferable that all of a dispersion medium for a starling col- 
loidal silica, a dispersion medium for a modified colloidal silica and a medium for a curable composition of a transparent 
cured material layer are the same medium (solvent). For such a solvent, it is preferable to use an organic medium widely 
used as a solvent for a paint. 

10 [0063] Examples of such a dispersion medium include water, lower alcohols such as methanol, ethanol, 2-propanol. 
n-butanol, 2-methylpropanol, 4-hydroxy-4-methyl-2-pentanone, ethyleneglycol or the like, cellosolves such as methyl- 
cellosolve, ethylcellosolve, butylcellosolve or the like, dimethylacetamide, toluene, xylene, methyl acetate, ethyl acetate, 
butyl acetate, acetone, and the like. 

[0064] As mentioned above, an organic dispersion medium is preferable for such a dispersion medium, and among 
is the above mentioned organic dispersion media, alcohols and cellosolves are particularly preferable. A mixture of colloi- 
dal silica and a dispersion medium having the colloidal silica dispersed therein is referred to as "colloidal silica disper- 
sion". 

[0065] Modification of a colloidal silica is carried out preferably by using a compound having a hydrolyzabie silicon 
group or a silicon group having a hydroxyl group bonded thereto (hereinafter referred to as "modrf ier"). Hydrolysis of the 
20 hydrolyzabie silicon group generates a siianol group, which is considered to react with a silanol group present on the 
surface of a colloidal silica, thereby bonding the modifier to the surface of a colloidal silica. A modifier may be used in a 
combination of two or more. As mentioned below, it is possible to use a reaction product obtained by reacting two kinds 
of modifiers having mutually reactive functional groups as a modifier. 

[0066] A modifier may have at least 2 hydrolyzabie silicon groups or silanol groups, or may be a partially hydroiyzed 
25 condensate of a compound having a hydrolyzabie silicon group or a partially condensed product of a compound having 
a silanol group. It is preferable to use a compound having one hydrolyzabie silicon group as a modifier (a partially hydro- 
iyzed condensate may be formed during modification treatment). Also, it is preferable that a modifier has an organic 
group bonded to a silicon atom and at least one of the organic groups is an organic group having a reactive functional 
group. 

30 [0067] A preferable modifier is a compound represented by the following formula 1 , which is generally called as a 
silane coupling agent. 

Y 3 . n -SirV n R 2 formula 1 

35 wherein Y is a hydrolyzabie group, R 1 is a monovalent organic group having no reactive functional group, R 2 is a mono- 
valent organic group having a reactive functional group, and n is 0, 1 or 2. 

[0068] Examples of the hydrolyzabie group Y include a halogen atom, an alkoxy group, an acyloxy group, a carbamoyl 
group, an amino group, an aminoxy group, a ketoxymate group, and the like, and a preferable example is an alkoxy 
group. The alkoxy group is preferably an alkoxy group having a carbon number of at most 4, preferably a methoxy group 
40 and an ethoxy group, n is preferably 0 or 1 . Further, the above mentioned compound having a silanol group is also rep- 
resented by the above mentioned formula 1 wherein Y is a hydroxyl group. 

[0069] Examples of the monovalent organic group R 1 having no reactive functional group include a hydrocarbon 
group having a carbon number of at most 18 such as an alkyl group, an aryl group, an aralkyl group, and the like. The 
hydrocarbon group is preferably a hydrocarbon group having a carbon number of at most 8, more preferably an alkyl 
45 group having a carbon number of at most 4. Particularly preferable examples of R 1 include a methyl group and an ethyl 
group. The term "monovalent organic group" used herein means an organic group bonded to a silicon atom by way of 
a carbon atom (this definition is applied also to R 2 ). 

[0070] Examples of a monovalent organic group R 2 having a reactive functional group include a hydrocarbon group 
having a carbon number of at most 18 such as an alkyl group, an aryl group, an aralkyl group, and the like, which have 
so a reactive functional group. This organic group may have at least 2 reactive functional groups. Examples of the reactive 
functional group include an amino group, a mercapto group, an epoxy group, an isocyanate group, a polymerizable 
unsaturated group, and the like. 

[0071] The polymerizable unsaturated group may be R 2 itself (such as a vinyl group), or may be a polymerizable 
unsaturated group which is bonded with an organic group such as a (meth)acryloyloxy group or a vinyloxy group to form 
55 R 2 The amino group may be either primary or secondary amino group, and in the case of the secondary amino group, 
an organic group bonded to its nitrogen atom is preferably an alkyl group, an aminoalkyl group, an aryl group, and the 
like (more preferably an alkyl group having a carbon number of at most 4, an aminoalkyl group having a carbon number 
of at most 4 and a phenyl group). Preferable examples of the reactive functional group include an amino group, a mer- 
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capto group, an epoxy group and a (rneth)acryloyloxy group: The reactive functional group is bonded to an organic 
group, examples of which include a phenylene group or an alkylene group having a carbon number of at most 8 (except 
for the carbon number of the functional group), more preferably an-alkylene group having a carbon number of from 2 to 
4 (particularly polymethylene group). 

[0072] Examples of the modifier include the following compounds which are classified depending on a kind of a reac- 
tive functional group as listed below. 

[0073] (Meth)acryloyloxy group-containing silanes: 3-(meth)acryloyloxypropyltrimethoxysilane, 3-(meth)acryloyloxy- 
propyltriethoxysilane, 3-(meth)acryloyloxypropylmethyldimethoxysiiane, and the like. 

[0074] Amino group-containing silanes: 3-aminopropyl trimethoxysilane, 3-aminopropyltriethoxysilane, 3-aminopro- 
pylmethyl dimethoxysilane, N-(2-aminoethyl)-3-aminopropyl trimethoxysilane, N-(2-aminoethyl)-3-aminopropylmethyl 
dimethoxysilane, N-(2-aminoethyl) -3-aminopropyl triethoxysilane, 3-ureidopropy!triethoxysilane. N-(N-vinylbenzyl-2- 
aminoethyl)-3-aminopropyl trimethoxysilane, 3-anilinopropyltrimethoxysilane, and the like. 

[0075] Mercapto group-containing silanes: 3-mercaptopropyl trimethoxysilane. 3-mercaptopropyltriethoxysilane, 3- 
mercaptopropylmethyldimethoxysilane, 3-mercaptopropylmethyldiethoxysilane, and the like. 

[0076] Epoxy group-containing silanes: 3-glycidoxypropyl trimethoxysilane, 3-glycidoxypropylmethyl dimethoxysilane, 
3-glycidoxypropyltriethoxysilane. and the like. 

[0077] Isocyanate group-containing silanes: 3-isocyanatepropyltrimethoxysilane. 3-isocyanatepropyi triethoxysilane, 
3-isocyanatepropylmethyl dimethoxysilane, 3-isocyanatepropylmethyldiethoxysilane, and the like. 
[0078] Examples of the reaction product obtained by reacting 2 kinds of modifiers having mutually reactive functional 
groups include reaction products of amino group-containing silanes and epoxy group-containing silanes. reaction prod- 
ucts of amino group-containing silanes and (meth)acryloyloxy grou|>containing silanes, reaction products of epoxy 
group-containing silanes and mercapto group-containing silanes, reaction products of two molecules of mercapto 
group-containing silanes, and the like. 

[0079] Modification of colloidal silica is generally conducted by making a modifier having a hydrolyzabie group in con- 
tact with a colloidal silica to carry out hydrolysis. For example, modification can be carried out by adding a modifier to a 
colloidal silica dispersion and hydrolyzing the modifier in the colloidal silica dispersion. 

[0080] In such a case, the hydrolyzed product of the modifier is considered to be chemically or physically bonded to 
the surface of colloidal silica particles, thereby modifying the surface. Particularly, since a silanol group is generally 
present on the surface of colloidal silica, the silanol group present on the surface of colloidal silica is condensed with a 
silanol group formed by hydrolysis of the modifier, thereby providing a surface having the hydrolyzed residue of the 
modifier bonded thereto. Also, there is a case that the hydrolyzed products themselves are condensed with each other 
and are bonded to the surface of colloidal silica particles. In the present invention, it is possible to conduct modification 
by previously hydrolyzing a modifier to some extent and then adding the partially hydrolyzed modifier to a colloidal silica 
dispersion. 

[0081 ] When modifying the surface of colloidal silica with a modifier having a hydrolyzabie group, the modifier is mixed 
with a colloidal silica dispersion and is hydrolyzed with water in the system or newly added water to provide a modified 
colloidal silica having the surface modified with the hydrolyzed product. In order to effectively accelerate the hydrolysis 
reaction of a modifier and the reaction of a modifier or its partially hydrolyzed condensate with a silanol group on the 
surface of colloidal silica, it is preferable to make a catalyst present therein. Also, in the case of using a modifier having 
a silanol group, it is preferable for accelerating reaction of silanol groups themselves to make a catalyst present therein. 
[0082] Such a catalyst is acid or alkali, and is preferably selected from an inorganic acid or an organic acid. Examples 
of the inorganic acid include a hydrohalogenic acid such as hydrochrolic acid, hydrofluoric acid or hydrobromic acid, sul- 
furic acid, nitric acid, phosphoric acid, and the like. Examples of the organic acid include formic acid, acetic acid, oxalic 
acid, acrylic acid, methacrylic acid, and the like. 

[0083] Hydrolysis reaction is usually conducted in a solvent in order to uniformly carry out the reaction. Such a solvent 
is usually a dispersion medium for a starting colloidal silica dispersion. However, a solvent other than this dispersion 
medium or a mixture solvent of other solvent with dispersion medium may be used. Preferable conditions for such a sol- 
vent are to dissolve a modifier, to have a compatibility with water and a catalyst and to prevent agglomeration of colloidal 
silica. 

[0084] Examples of such a solvent include water; lower alcohols such as methanol, ethanol, 2-propanol or n-butanol; 
ketones such as acetone, methyl isobutylketone or methylethylketone, ethers such as tetrahydrofuran or dioxane, cello- 
solves such as methylcellosolve, ethylcellosolve or butylcellosolve; dimethylacetamide. and the like. 
[0085] The above mentioned dispersion medium for colloidal silica may be used as it is for this solvent, or may be 
substituted with a solvent other than the dispersion medium. Also, a necessary amount of a solvent other than the dis- 
persion medium may be newly added to the dispersion medium. 

[0086] A reaction temperature is preferably in the range of from room temperature to a boiling point of a solvent used, 
and a reaction time is preferably in the range of from 0.5 to 24 hours although it depends on a temperature used. 
[0087] In the modification of colloidal silica, an amount of a modifier is not specially limited, but is preferably from 1 to 
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100 parts by weight to 100 parts by weight of colloidal silica (solid content in dispersion). If the amount of a modifier is 
less than 1 part by weight, the surface of colloidal silica is not effectively modified. On the other hand, if the amount of 
a modifier exceeds 100 parts by weight, an unreacted modifier and a hydrolyzed material or a condensate of a modifier 
not carried on the surface of colloidal silica are present in a large amount, and these materials work as a chain transfer 
5 agent during curing a curable composition for a transparent coating layer or work as a plasticizer for the coating layer 
after curing, thereby lowering a hardness of a cured coating layer. 

[0088] In order to cure a polyfunction^ compound (a) as mentioned above, a coating agent (A) generally contains a 
photopolymerization initiator. A well known photopolymerization initiator is usable for this purpose, and easily commer- 
cially available photopolymerization initiators are preferable. A plurality of photopolymerization initiators may be used in 

10 a transparent curable material layer. 

[0089] Examples of the photopolymerization initiator include an aryl ketone type photopolymerization initiator (such 
asacetophenones, benzophenones, alkylaminobenzophenones, benzyls, benzoins, benzoinethers, benzyldimethylket- 
als, benzoylbenzoates and a-acyloxymesters), a sulfur-containing type photopolymerization initiator (such as sulfides 
and thioxanthones), an acyiphosphine oxide type photopolymerization initiator, an acylphosphinate type photopolymer- 

15 ization initiator, an acylphosphonate type photopolymerization initiator, and other photopolymerization initiators. Partic- 
ularly, thioxanthones, an acyiphosphine oxide type photopolymerization initiator, an acylphosphinate type 
photopolymerization initiator and an acylphosphonate type photopolymerization initiator have a maximum absorption 
wavelength in the range of from 365 to 400 nm, and polymerization can be initiated with a ultraviolet light having a wave- 
length different from a wavelength absorbed by the following ultraviolet light absorbers. Therefore, the function of these 
so photopolymerization initiators is not impaired even when a ultraviolet light absorber is present in a coating agent (A). 
The most preferable photopolymerization initiator is an acyiphosphine oxide type photopolymerization initiator. A pho- 
topolymerization initiator may be used in combination with a photosensitizer such as amines. 
[0090] Particular examples of a photopolymerization initiator are illustrated below. 

25 4-phenoxydichloroacetophenone, 4-t-butyl-dichloroacetophenone r 4-t-butyl-trichloroacetophenone, diethoxyace- 
tophenone, 2-hydroxy-2-methyl-1-phenylpropane-1-one, 1-(4-isopropylphenyl)-2-hydroxy-2-methylpropane-1-one, 
1 -(4<lodecylphenyl)-2-methylpropane-1 -one, 1 -(4-(2-hydroxyethoxy)phenyl)-2-hydroxy-2-metylpropane-1 -one. 1 - 
hydroxycyclohexylphenylketone. 2-methyl-1 -{4-(methylthio)phenyl}-2-morpholinopropane-1 -one; 
benzil, benzoin, benzoinmethylether, benzoinethylether, benzoinisopropylether, benzoinisobutylether, benzild- 

30 imethylketal, benzophenone, benzoylbenzoic acid, methyl benzoylbenzoate, 4-phenylbenzophenone, hydroxyben- 
zophenone, acrylated benzophenone, 3,3*-dimethyl-4-methoxybenzophenone, 3,3',4,4'-tetrakis(t- 
butylperoxycarbonyl)benzophenone, 9.10-phenanthrenequinone, camphorquinone, dibenzosuberone, 2-ethylan- 
thraquinone, 4\4 ,, -diethylisophthalophenone, a-acyloxymester, methylphenylglyoxylate; 

4-benzyol-4'-methyldiphenylsutfide, thioxanthone, 2-chlorothioxanthone, 2-methylthioxanthone, 2,4-dimethylthiox- 
35 anthone, isopropyithioxanthone, 2,4-dichlorothioxanthone, 2,4-diethykhioxanthone. 2,4-diisopropylthioxanthone; 

2,4,6-trimethylbenzoyldiphenyiphosphine oxide, benzoyldiphenylphosphine oxide, 2,6-dimethylbenzoyldiphenyl- 
phosphine oxide, bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine oxide, bis(2,4,6-trimethylbenzoyl)phe- 
nylphosphine oxide; and 

ethyl 2,4,6-trimethylbenzoylphenylphosphinate, methyl 2,4,6-trimethylbenzoylphenylphosphinate, isopropyl 2,4,6- 
40 trimethylbenzoylphenylphosphinate, dimethyl 2,4,6-trimethylbenzoylphosphonate, diethyl 2,4,6-trirnethylbenzoyl- 
phosphonate. 

[0091] An amount of a photopolymerization initiator in a coating agent (A) is preferably from 0.01 to 20 parts by 
weight, more preferably from 0.1 to 10 parts by weight, to 100 parts by weight of a curable component (the total amount 

45 of a polyfunction^ compound (a) and a monofunctional compound). 

[0092] The coating agent (A) may contain various agents in addition to the above basic components. Further, it is 
essential for a coating solution for forming a layer of a coating agent (A) to contain a solvent, and it is indispensable for 
the coating solution to use a solvent unless a polyfunction^ compound is specially a liquid of low viscosity. For this sol- 
vent, it is possible to use a solvent generally used for a coating agent comprising a polyfunction^ compound (a) as a 

so curable component. Also, a dispersion medium for a starting colloidal silica can be used as it is as a solvent. Still further, 
it is preferable to use an appropriate solvent selected depending on a kind of a substrate. 

[0093] An amount of a solvent can be optionally varied depending on an aimed viscosity of a coating solution, an 
aimed thickness of a cured coating layer, drying temperature conditions and the like. The solvent is used generally in 
an amount of at most 100 times weight, preferably 0.1-50 times weight, to a curable component of a coating solution. A 
55 layer of a coating agent (A) is formed on the surface of a substrate by coating a coating solution and then removing a 
solvent by heat or the like (generally referred to as "drying"). 

[0094] Examples of the solvent include lower alcohols, ketones, ethers, celiosolves, and the like, which are illustrated 
above as a solvent used for hydrolysis to modify a colloidal silica. Other examples of the solvent include esters such as 
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n-butyt acetate, di ethyl enegiycol monoacetate or the like, halogenated hydrocarbons, hydrocarbons, and the like. It is 
suitable to use lower alcohols, cellosolves, esters, or mixture thereof for coating an aromatic polycarbonate resin having 
a low solvent resistance. \ T . 

[0095] A coating agent (A) may optionally contain various additives, if necessary. Examples of the additives include 
stabilizers such as an ultraviolet light absorber, a light stabilizer, an antioxidant and a heat polymerization inhibitor, sur- 
factants such as a leveling agent, a defoaming agent, a thickening agent, an anti-settling agent, a dispersant, an anti- 
static agent and an anti-fogging agent, curing catalysts such as acid, alkali and salts, an infrared light absorber, a dye, 
a pigment, a filler, and the like. Among them, an additive such as a filler which is hardly soluble in a coating agent (A) 
or a solvent, should preferably be fine particles so as not to impair a transparency of a cured material layer. 
[0096] It is particularly preferable that a coating agent (A) contains an ultraviolet light absorber. An ultraviolet light 
absorber not only prevents coloration or degradation of a substrate by ultraviolet light but also prevents a polymer chain 
in a coating composition from splitting. Particular, in the present invention, the addition of an ultraviolet light absorber is 
effective for preventing degradations of a chemical bonding in the vicinity of the interface between an outermost layer 
and its lower inner layer and a covalent bonding formed between an outermost layer and an inner layer, and also effec- 
tive for securing a satisfactory adhesive force between layers and preventing occurrence of cracking. 
[0097] In the present invention, an ultraviolet light absorber is not specially limited so long as it is soluble in a coating 
agent, and various ultraviolet light absorbers are usable. Also, ultraviolet light absorbers can be used in a combination 
of two or more. 

[0098] When a coating agent (A) contains an ultraviolet light absorber, its amount is preferably from 0.1 to 50 parts 
by weight, more preferably from 1 to 30 parts by weight, to 100 parts by weight of a curable component (total amount 
of a polyfunctions compound (a) and a monofunctional compound) in a coating agent (A). Also, it is preferable that a 
part or the whole part of an ultraviolet light absorber is a polymerizable ultraviolet light absorber. By using the polymer- 
izable ultraviolet light absorber, breeding out of the ultraviolet light absorber on the surface of a cured material layer can 
be avoided and a scuff resistance is not lowered even when a relatively large amount of the ultraviolet light absorber is 
incorporated in a coating agent (A). However, even when using a polymerizable ultraviolet light absorber, if its amount 
exceeds the above mentioned upper limit, curability of a coating agent (A) tends to be lowered and physical properties 
of a cured material are lowered. 

[0099] A polymerizable ultraviolet light absorber is a compound having at least one polymerizable functional group 
which is the same as a polymerizable functional group of a polyfunction^ compound (a) and having a structure having 
an ultraviolet light-absorbing performance. Preferably, a polymerizable ultraviolet light absorber has a (meth)acryloyl 
group as a polymerizable functional group. Since a polymerizable ultraviolet light absorber has a polymerizable func- 
tional group, it can be regarded as a kind of said polyfunctions compound (a) or monofunctional compound. However, 
in the present invention, a polymerizable ultraviolet light absorber is regarded as a kind of ultraviolet light absorber, and 
is not regarded as a kind of said polyfunction^ compound (a) or monofunctional compound. 

[0100] It is possible to use an inorganic compound having an ultraviolet light absorbing performance as an ultraviolet 
light absorber. For example, it is possible to use an inorganic oxide having an ultraviolet light absorbing performance 
such as zinc oxide, cerium oxide, titanium oxide and the like. These inorganic compounds should preferably be fine par- 
ticles so as not to impair a transparency of a cured material layer. Their average particle sizes should be preferably 
almost the same as that of said colloidal silica. 

[0101 ] Examples of an organic ultraviolet light absorber include a benzophenone type ultraviolet light absorber, a ben- 
zotriazole type ultraviolet light absorber, a salicylic acid type ultraviolet light absorber, a phenyltriazine type ultraviolet 
light absorber and the like. Particularly, a benzophenone type ultraviolet light absorber, a benzotriazole type ultraviolet 
light absorber and a phenyltriazine type ultraviolet light absorber are preferable. Also, preferable examples of a polym- 
erizable ultraviolet light absorber include a benzophenone type ultraviolet light absorber having a (meth)acryloyl group 
and a benzotriazole type ultraviolet light absorber having a (meth)acryloyl group. 

[0102] Particular examples of an ultraviolet light absorber other than a polymerizable ultraviolet light absorber include 
2 4-dihydroxybenzophenone. 2-hydroxy-4-methoxybenzophenone, 2,2 , -dihydroxy-4-methoxybenzophenone, 2-{2- 
hydroxy-5-methylphenyl)benzotriazole. 2-(5-t-butyl-2-hydroxyphenyl)benzotriazole. 2-(3,5Kii-t-butyl-2-hydroxyphe- 
nyl)benzotriazole, 2-(3-t-butyi-2-hydroxy-5-methylphenyl)-5-chlorobenzotriazole, 2-(3,5-di-t-butyl-2-hydroxyphenyl)-5- 
chlorobenzotriazole, 2-(3,5-di-t-pentyl-2-hydroxyphenyl)benzotriazole, octyl 3-{3-(2H-benzotriazole-2-yl)-5-t-butyl-4- 
hydroxyphenyljpropionate, 2-[4-(2-hydroxy-3-dodecyloxyp^ 
1,3,5-triazine, phenylsalicylate, p-t-butylphenylsalicylate, and the like. 

[0103] Examples of a benzophenone type ultraviolet light absorber having a (meth)acryloyl group include 2-hydroxy- 

4- (meth)acryloyloxybenzophenone, 2-hydroxy-4-(2-(meth)acryloyloxyethoxy)benzophenone. 2-hydroxy-4-(2-acryloy- 
loxypropoxy)benzophenone. 2,2 , -dihydroxy-4-(meth)acryloyloxybenzophenone. 2.2'-dihydroxy-4-(2-(meth)acryloy- 
loxyethoxy)benzophenone, and the like. 

[0104] Examples of a benzotriazole type ultraviolet light absorber having a (meth)acryloyl group include 2-{2-hydroxy- 

5- ((meth)acryloyloxy)phenyi}benzotriazole, 2-{2-hydroxy-3-methyl-5-{(meth)acryloyloxy)phenyl}benzotriazole, 2-{2- 
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hydroxy-3-t-butyl-5-((meth)acryloyloxy)phenyl}ben20triazole, 2-{2-hydroxy-5-(2-(meth)acryloyloxyethyl)phenyl}ben20t- 
riazole. 2-{2-hydroxy-5-(3-(meth)acryloyIoxypropyl)phenyl}benzotriazole l 2-{2-hydroxy-3-t-butyl-5-(2-(meth)aayloy- 
loxyethyl)phenyl}benzotriazole, 2-{2-hydroxy-3-t-butyl-5-(3-(meth)acr^ 2-{2- 
hydroxy-3-methyl-5-(2-(meth)acryloyloxyethyl)phenyl}benzotriazole, 2-{2-hydroxy-3-methyl-5-(3-(meth)acryioyloxypro- 
5 pyl)phenyl}benzotriazole, 2-{2-hydroxy-5-(2-(meth)acryloyloxyethyl)phenyl}-5-chlorobenzotriazole, 2-{2-hydroxy-5-(2- 
(meth)acryioyloxyethy])phenyl}-5-methylbenzotriazole. 2-{2-hydroxy-5-(2-(2-(meth)acryloyloxyethoxycarbo- 
nyl)ethyl)phenyl}benzotriazole. 2-{2-hydroxy-5-(2-(meth)acryloyloxyethoxy)phenyl}benzotriazole l 2-{2-hydroxy-5-(2- 
(meth)acryioyloxypropoxy)phenyi}benzotriazoie, and the like. 

[0105] It is preferable that a coating agent (A) further contains a light stabilizer. A preferable example of a light stabi- 
w lizer include a hindered amine type light stabilizer (such as 2,2,6,6-tetraalkylpiperidine derivatives) which is usually 
used as a light stabilizer for a synthetic resin. 

[0106] When a coating agent (A) contains a light stabilizer, its amount is preferably from 0.01 to 20 parts by weight, 
more preferably from 0. 1 to 1 0 parts by weight, to 1 00 parts by weight of a curable component (total amount of a poly- 
functional compound (a) and a monofunctional compound) in the coating agent (A). Further, a part or the whole part of 
is a light stabilizer may be a poiymerizable light stabilizer. A preferable example of a polymerizable light stabilizer includes 
2,2,6,6-tetraalkylpiperidine derivatives having a (meth)acryloyl group. 

[0107] Examples of a light stabilizer include 2,2,6,6-tetramethyl-4-piperidinylbenzoate, bis(2,2,6,6-tetramethyl-4-pip- 
eridinyl)sebacate, bis(1,2,2,6,6-pentamethyl-4-piperidinyl)sebacate, bis(1-octyloxy-2,2,6,6-tetramethyl-4-piperidi- 
nyl)sebacate, tetra(2.2 t 6,6-tetramethyl-4-piperidinyl)butanetetracarboxylate, bisfl^^.S^-pentamethyl-^piperidinyl)^- 
20 butyl^-fS.S-di-t-butyl^-hydroxybenzyOmalonate, 4-acryloyloxy-2,2,6,6-tetramethylpiperidine J 4-methacryloyloxy- 
2,2,6,6-tetramethylpiperidine, 4-methacryloyloxy-1 f 2,2 ? 6,6-pentamethylpiperidine l 2,2,6,6-tetramethyl-4-(2-acryloy- 
loxyethyl)piperidine, and the like. 

[0108] Ultraviolet light is particularly preferable as an active energy ray for curing such a coating agent (A). However, 
it is not limited to ultraviolet light, and other active energy rays such as electron beam are usable. Examples of an ultra- 

25 violet light source include a xenon lamp, a pulse xenon lamp, a low pressure mercury lamp, a high pressure mercury 
lamp, an ultra-high pressure mercury lamp, a metal halide lamp, a carbon arc lamp, a tungsten lamp, and the like. 
[0109] It is preferable that a thickness of a cured material layer formed by using a coating agent (A) is from 1 to 50 
um If the thickness of this layer exceeds 50 urn, curing by an active energy ray becomes insufficient, and adhesiveness 
with a substrate material becomes poor. On the other hand, if the thickness of this layer is less than 1 um, an abrasion 

30 resistance of this layer becomes insufficient, and an abrasion resistance and a scuff resistance of an outermost layer 
on this layer become unsatisfactory. A more preferable thickness of this layer is from 2 to 30 um. 
[01 10] A curable coating agent (B) for forming an outermost layer comprises polysilazane alone or a curable compo- 
sition containing polysilazane. A coating solution for coating a coating agent (B) usually contains a solvent. A layer of 
the coating agent (B) is formed by coating this coating solution and then removing the solvent. The coating agent (B) 

35 may contain a catalyst and other additives in addition to polysilazane. 

[0111] Polysilazane is a polymer having at least 2 (-Si-N-) units, and in this chemical formula, two remaining free 
bonds of a silicon atom (tetravalent) and one remaining free bond of a nitrogen atom (trivalent) are respectively bonded 
to a hydrogen atom, an organic group (such as an alkyl group) or the like. Polysilazane may be not only a linear struc- 
ture polymer comprising the above repeating units but also a cyclic structure polymer wherein one or both of the two 

40 remaining free bonds of the above silicon atom are bonded to the remaining free bond of the above nitrogen. A polymer 
may comprise a repeated cyclic structure only or may be a linear polymer partly having a cyclic structure. 
[0112] Examples of polysilazane include polysilazane disclosed in JP-A-9-31333 or other documents cited therein, 
and these polysilazane may be used in the present invention. Further, modified polysilazane disclosed in JP-A-9-31333 
or the documents cited therein can also be used in the present invention. 

45 [01 1 3] Polysilazane is decomposed in the presence of oxygen, and forms silica by substituting a nitrogen atom with 
an oxygen atom. The silica formed from polysilazane is a dense silica in comparison with silica formed from a hydroiyz- 
able silane compound. For example, silica formed from perhydropolysilazane is dense and excellent in surface proper- 
ties such as abrasion resistance as compared with silica formed from a tetrafunctional hydrolyzable silane compound 
(such as tetraalkoxysilane). 

so [0114] Examples of polysilazane include polysilazane containing substantially no organic group (perhydropolysila- 
zane), polysilazane having a hydrolyzable group (such as an alkoxy group) bonded to a silicon atom, polysilazane hav- 
ing an organic group (such as an alkyl group) bonded to a silicon atom and/or a nitrogen atom, and the like. When 
polysilazane has a hydrolyzable group bonded to a silicon atom, silica containing substantially no organic group is 
formed by hydrolysis reaction during curing. Particularly, perhydropolysilazane is preferable in respect that its calcina- 

55 tion temperature is low and a cured coating layer obtained after calcination is dense. 

[0115] A cured material obtained by fully curing perhydropolysilazane is silica containing substantially no nitrogen 
atom. Also, in the case of polysilazane having an organic group (such as an alkyl group) bonded to a part or all of silicon 
atoms, silica containing an organic group formed therefrom is poor in respect of surface properties such as abrasion 
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resistance but forms a tough and strong cured layer or can provide a thicker layer as compared with silica formed from 
perhydropolysilazane, and therefore depending on an object, it is rather preferable than perhydropolysilazane in some 
cases. : . • 

[01 1 6] When polysilazane has an organic group bonded to a silicon atom, an organic group is preferably a hydrocar- 

5 bon group or a halogenated hydrocarbon group, particularly a hydrocarbon group such as an alky! group. A carbon 
number of these organic groups is not specially limited, but is preferably at most 20, more preferably at most 4. Further, 
a polysilazane having a long chain polyfluoroalkyl group as an organic group is preferable. A cured material of the 
polysilazane having a long chain polyfluoroalkyl group has a surface having water repellency, non-adhesiveness or the 
like due to the presence of a long chain polyfluoroalkyl group on its surface. The long chain polyfluoroalkyl group is pref- 

io erably a C 2 - C 4 polymethylene group having a C 4 - C 16 long chain perfluoroalkyl group. 

[01 1 7] Polysilazane is a polymer having a chain-like structure, a cyclic structure or a crosslinking structure, or a pol- 
ymer having a mixture of these plural structures in a molecule. A molecular weight of polysilazane is preferably a 
number average molecular weight of from 200 to 50,000. If the number average molecular weight is less than 200, a 
uniform cured layer is hardly obtained even by calcinating. On the other hand, if the number average molecular weight 

15 exceeds 50,000, it is hardly soluble in a solvent, and a coating agent (B) becomes unpreferably viscous. 

[01 1 8] Examples of a solvent for dissolving polysilazane used in a coating solution include hydrocarbon solvents such 
as an aliphatic hydrocarbon, a cycloaliphatic hydrocarbon or an aromatic hydrocarbon, halogenated hydrocarbon sol- 
vents, ethers such as an aliphatic ether or a cycloaliphatic ether, and the like. 

[01 1 9] Particular examples of the solvent include hydrocarbons such as pentane, hexane, isohexane, methylpentane, 
20 heptane, isoheptane, octane, isooctane, cyclopentane, methylcyclopentane, cyclohexane, methylcyclohexane, ben- 
zene, toluene, xylene and ethylbenzene, halogenated hydrocarbons such as methylene chloride, chloroform, carbon 
tetrachloride, bromoform, 1 ,2-dichloroethane, 1,1-dichloroethane, trichloroethane and tetrachloroethane, ethers such 
as ethylether, isopropylether, ethylbutylether, butyiether, dioxane, dimethyidioxane, tetrahydrofuran and tetrahydro- 
pyran. and the like. 

25 [0120] When using these solvents, plural kinds of solvents may be mixed in order to adjust solubility of polysilazane 
or evaporation speed of a solvent. An amount of a solvent varies depending on a coating method and a structure or an 
average molecular weight of polysilazane. but is preferably adjusted so as to provide a solid content concentration of 
from 0.5 to 80 wt% in a coating solution. 

[0121] In order to form silica by curing polysilazane. heating process (generally called as "calcination") is necessary. 

30 However, in the present invention, since a substrate material is synthetic resin, its calcination temperature is limited. 
Thus, it is difficult to cure the polysilazane by heating at a temperature higher than a heat resistance temperature of a 
substrate. Generally, a heat resistance of a cured material of a coating agent (A) is higher than that of a substrate. How- 
ever, there is a case that a heat resistance of a cured material is lower than a heat resistance of a substrate, and in such 
a case, it is necessary to cure polysilazane at a temperature lower than a heat resistance temperature of a cured mate- 

35 rial. Thus, in the present invention, a calcination temperature of polysilazane is preferably at most 1 80°C when an ordi- 
nary synthetic resin such as an aromatic polycarbonate resin is used as a substrate. 

[0122] In order to lower a calcination temperature of polysilazane, it is general to use a catalyst. Depending on a kind 
or an amount of a catalyst used, calcination can be carried out at a low temperature, and curing can be made at room 
temperature in some cases. Further, an atmosphere for calcination is preferably an atmosphere containing oxygen such 
40 as air. By calcining polysilazane, silica having a nitrogen atom substituted with an oxygen atom is formed. By calcining 
under an atmosphere fully containing oxygen, a dense silica is formed. Further, it is useful for a low temperature curing 
to treat with water or water vapor (see JP-A-7-223867). 

[0123] As a catalyst, it is preferable to use a catalyst effective for curing polysilazane at a lower temperature. Exam- 
ples of such a catalyst include metaJ catalysts comprising metal fine particles such as gold, silver, palladium, platinum 

45 or nickel (see JP-A-7-196986), amines or acids (see JP-A-9-31333). and the like. Examples of the amines include a 
monoalkyiamine, a dialkylamine, a trialkylamine. a monoarylamine. a diarylamine, a cyclic amine and the like. Exam- 
ples of the acids include an organic acid such as acetic acid, an inorganic acid such as hydrochloric acid, and the like. 
[0124] A particle size of metal catalyst fine particles is preferably at most 0.1 ^m. more preferably at most 0.05 *im in 
order to secure a transparency of a cured material. In proportion to reduction in a particle size, a specific surface area 

so is increased and a catalyst performance is accordingly increased. Thus, it is preferable to use a catalyst having a 
smaller particle size also in respect of a catalyst performance. Amines or acids may be blended with a polysilazane 
solution, or a solution of amines or acids (including aqueous solution) or their vapors (including vapor from aqueous 
solution) may be brought into contact with polysilazane to accelerate curing. 

[0125] When a catalyst is blended with polysilazane. an amount of a catalyst blended is from 0.01 to 10 parts by 
55 weight, preferably from 0.05 to 5 parts by weight, to 100 parts by weight of polysilazane. If the amount of a catalyst 
blended is less than 0.01 part by weight, a satisfactory catalyst effect can not be achieved, and on the other hand, if the 
amount of a catalyst blended exceeds 10 parts by weight, catalysts themselves are liable to agglomerate, thereby 
impairing transparency. 
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[01 26] Also, if necessary, various additives can be blended with a coating agent (B). Examples of the additives include 
stabilizers such as an ultraviolet light absorber, a light stabilizer or an antioxidant, surfactants such as a leveling agent, 
a defoaming agentra thickening agent, an anti-settling agent, a dispersant. an antistatic agent or an anti-fogging agent, 
an infrared ray absorber, a dye, a pigment, a filler, and the like. It is unpreferable to add an excess amount of these addi- 

5 tives since an excess amount of additives lower a hardness of a cured material of a coating agent (B). When an additive 
is a relatively hard inorganic fine particle, its amount added is at most 1 ,000 parts by weight, preferably at most 200 
parts by weight, to 100 parts by weight of polysilazane. When an additive is an organic compound, its amount added is 
at most 50 parts by weight, preferably at most 30 parts by weight, to 100 parts by weight of polysilazane. However, in 
the case of a polymerizable compound, it can be blended in a larger amount Further, in the case of inorganic fine par- 

w tides, their average particle size is at most 100 nm, preferably at most 50 nm. 

[0127] One of preferable additives which can be blended with a coating agent (B) is the above mentioned polymeri- 
zation initiators. A photopolymerization initiator generates a radical by being irradiated with an ultraviolet light. The rad- 
ical thus generated has a function to accelerate curing of polysilazane. Thus, in order to accelerate curing of 
polysilazane, a photopolymerization initiator is blended with a coating agent (B) and the mixture is irradiated with an 

15 ultraviolet light. Further, when irradiating with an ultraviolet light for curing a coating agent (A), a coating agent (B) is 
also irradiated with an ultraviolet light when the coating agent (B) is present as mentioned below. Thus, in such a case, 
a photopolymerization initiator is incorporated in a coating agent (B) to accelerate curing of a coating agent (B). When 
incorporating a photopolymerization initiator, an amount of the photopolymerization initiator incorporated in a coating 
agent (B) is from 0.01 to 20 parts by weight, preferably from 0.1 to 1 0 parts by weight, to 1 00 parts by weight of polysila- 

20 zane. 

[0128] It is also preferable to incorporate an ultraviolet light absorber into a coating agent (B). Examples of the ultra- 
violet light absorber include the above mentioned ultraviolet light absorbers. Particularly, an ultraviolet light absorber 
comprising an inorganic compound such as zinc oxide or a polymerizable ultraviolet light absorber is preferable. When 
incorporating an ultraviolet light absorber, an ultraviolet light absorber comprising an inorganic compound can be incor- 

25 porated in a relatively large amount, for example from 0.1 to 500 parts by weight, preferably from 1 to 200 parts by 
weight, to 100 parts by weight of polysilazane. When incorporating an ultraviolet light absorber comprising an organic 
compound, its amount incorporated is preferably from 0.01 to 20 parts by weight to 1 00 parts by weight of polysilazane. 
[0129] Since a cured material layer of a coating agent (B) is an outermost layer, it is sometimes required to be elec- 
troconductive for antistatic property. In such a case, it is preferable to incorporate an antistatic agent or an electrocon- 

30 ductive filler. Examples of an electroconductive filler include metal fine particles or electroconductive metal oxide fine 
particles. Examples of the metal include silver, gold, platinum, tin, indium and the like, and examples of the electrocon- 
ductive metal oxide include tin oxide, indium oxide, a mixed metal oxide of indium and tin such as JTO, and the like. 
[0130] Since a cured material of polysilazane, particularly perhydropolysilazane, is very hard, a cured material layer 
tends to cause cracking. Therefore, depending on a use of a transparent coated molded product of the present inven- 

35 tion, it is required to prevent occurrence of cracking, in such a case, it is preferable to use a polysilazane having an 
organic group as mentioned above. However, it is not necessarily limited to this method, but an additive may be incor- 
porated into a coating agent (B) to prevent occurrence of cracking of a cured material of polysilazane. Examples of such 
an additive include a filler, a synthetic resin, the above mentioned polyfunctional or monofunctional compounds, and the 
like. Examples of the filler include fine particles of the above mentioned colloidal silica. Examples of the synthetic resin 

40 include preferably a linear polymer soluble in a solvent used for a coating solution of a coating agent (B). Examples of 
such a polymer include a homopolymer or a copolymer of (meth)acrylate such as polymethylmethacrylate. 
[0131] A thickness of a cured material layer formed by using a coating agent (B) is preferably from 0.05 to 10 \im. If 
a layer thickness of this outermost layer exceeds 10 ^im, surface properties such as scuff resistance are not improved 
any further, and the layer becomes brittle and tends to cause cracks even by a small deformation of a coated molded 

45 product. On the other hand, if the layer thickness of the outermost layer is less than 0.05 fim, a satisfactory abrasion 
resistance or scuff resistance can not be achieved. Thus, a preferable layer thickness is from 0.1 to 3 pm. 
[0132] The present invention further relates to a method for producing a transparent coated molded product as men- 
tioned above. The above mentioned transparent coated molded product is produced preferably by the following meth- 
ods. For example, an aimed transparent coated molded product is obtained by coating a coating solution of a coating 

so agent (A) on a substrate, drying to cure a layer of the coating agent (A), further coating a coating solution of a coating 
agent (B) on the surface of the cured material thus obtained, and drying to cure a layer of the coating agent (B). here- 
inafter, the above method of producing a transparent coated molded product in accordance with the present invention 
is explained in more detail. 

[0133] A means of coating a coating composition is not specially limited, but a well known method can be employed. 
55 Examples of the coating method includes a dipping method, a flow coat method, a spray method, a bar coat method, a 
gravure coat method, a roll coat method, a blade coat method, an air knife coat method, a spin coat method, a slit coat 
method, a microgravure coat method, and the like. When a coating composition contains a solvent after coating, it is 
dried to remove the solvent, and a layer of a coating agent (A) is cured by being irradiated with an ultraviolet light or the 
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like and a layer of a coating agent (B) is cured by heating or by being allowed to stand at room temperature. It .s pos- 
sible to accelerate curing by making contact with an aqueous solution or vapor of amines or aads. 
[0134] Examples of combinations (timing) of curing of a coating agent (A) and from coating to curing of a coating 
agent (B) include the following four methods. 

1) A method (the above mentioned method) comprising forming a layer of a coating agent (A), irradiating with a suf- 
ficient amount of an active energy ray to fully cure, and forming a layer of a coating agent (B) thereon 

2) A method comprising forming a layer of an uncured material of a coating agent (A), forming a layer of an uncured 
material of a coating agent (B) on the uncured material layer, and irradiating with a sufficient amount of an active 

w enerqy ray to complete curing of the uncured material of a coating agent (A). In this case, the uncured material of 
a coating agent (B) is cured at the same time as curing of the uncured material of a coating agent (A) or cured by 
heating or the like after curing the uncured material of a coating agent (A). 

3) A method comprising coating a layer of a coating agent (A), irradiating with an active energy ray (usually a irra- 
diation amount of about at most 300 mJ/cm 2 ) so as to dry to touch or to incompletely cure for forming a layer of a 

,s partially cured material of a coating agent (A), forming a layer of an uncured material of a coating agent (B) on the 
partially cured material layer, and then irradiating with a sufficient amount of an active energy ray to finally cure the 
uncured material of a coating agent (A). Curing of the uncured material of a coating agent (B) can be conducted in 
the same manner as in the above method 2). 

4) A method comprising forming a layer of an uncured material or a partially cured matenal of a coating agent (A) 
20 and a layer of an uncured material of a coating agent (B) in the same manner as in the above method 2) or 3), par- 
tially curing or completely curing the uncured material of a coating agent (B) and then completely cunng the 
uncured material or partially cured material of a coating agent (A). In this case, it is preferable that a coating agent 
(A) is maintained rather in partially cured state than in uncured state at the time of curing the uncured material of a 
coating agent (B). Further, it is preferable that a coating agent (B) is maintained in partially cured state at the time 

25 of completely curing a coating agent (A). 

[01351 The above method 2) or 3) is preferable for raising an adhesive force between layers of two cured, material 
layers Further, in the methods 2) to 4), a layer of an uncured. partially cured or completely cured material of a coating 
agent (B) works as a barrier layer to penetration of oxygen liable to unfavorably affect on complete curing of a coating 
aoent (A) thereby removing a fear of causing an unsatisfactory curing of a coating agent (A). 
[01361 Since a transparent coated molded product of the present invention has satisfactory surface properties such 
as abrasion resistance and scuff resistance at the same level as in glass, the product of the present invention can be 
employed for various uses in the same manner as in conventional glass. Examples of these uses include a window 
material for a vehicle. However, for this purpose, a bending-processed molded product is necessary in many cases 
When producing a bending-processed transparent coated molded product of the present invention, a transparent 
coated molded product of the present invention can be prepared by using a bending-processed substrate. However, 
when using a bending-processed substrate, A is sometimes difficult to form each layer by coating and curing. On the 
other hand the present inventors have previously studied and noted that a substrate having a cured material layer of a 
coating agent (A) formed can be subjected to bending process by heat-bending process or the like. However, when a 
cured material layer of a coating agent (B) is formed, bending process is difficult since its cured matenal is hard. 
[01371 The present inventors have found that if a layer of a coating agent (B) is maintained in uncured or partially 
cured state, a substrate having such a layer (also having a cured material layer of a coating agent (A)) can be subjected 
to bending process. Also, as in the above methods 2) to 4), a substrate having a layer of a coating agent (A) in uncured 
or partially cured state and a layer of a coating agent (B) in uncured or partially cured state formed thereon can be sub- 
jected to bending process. By curing the uncured or partially cured material of a coating agent (B) after bendmg- 
processing or at the same time as bending-processing. an aimed bending-processed coated molded product can be 
obtained. Bending-processing is usually carried out by heating. Therefore, the uncured or partially cured material of a 
coating agent (B) is cured by heat for bending-processing. but since a time required for curing the uncured or partially 
cured material of a coating agent (B) is usually longer than a time required for bending-processing, there is no fear that 
bending-processing becomes difficult by curing of a coating agent (B). Also, curing of a coating agent (B) after bending- 
processing can be advantageously carried out by the method 4). 

[0138] Thus a bending-processed coated molded product of the present invention can be produced by forming an 
uncured partially cured or cured material layer of a coating agent (A) on a substrate, forming an uncured or partially 
cured material layer of a coating agent (B) on the surface of the layer of a coating agent (A), bend.ng-process.ng the 
substrate having these layers, and then curing the uncured or partially cured material of a coating agent (B) and the 
uncured or partially cured material of a coating agent (A), if any. 

[01 39] More particularly, an uncured or partially cured material layer of a coating agent (B) is formed on a substrate, 
and the substrate is heated at its heat-softening temperature for about 5 minutes and is then subjected to bend.ng- 
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processing. Thereafter, the substrate is maintained at a curable temperature lower than the heat-softening temperature 
of the substrate to cure the uncured or partially cured material of a coating agent (B), thereby producing a bending-proc- 
; essed coated molded product of the present invention. Curing of a coating agent (A) may be carried out before or after 
completely curing a coating agent (B). According to this method, since a substrate is deformed before completely curing 

5 a coating agent (B) and a hard silica layer is formed thereafter, the silica layer does not cause cracks. 

[0140] In the present invention, various transparent synthetic resins can be used as a substrate material. Examples 
of the substrate material include transparent synthetic resins such as an aromatic polycarbonate type resin, a polymeth- 
ylmethacrylate type resin (acrylic resin), a polystyrene type resin, a poiyallylate type resin and the like. Particularly, a 
substrate comprising an aromatic polycarbonate type resin is preferable. 

to [0141] This substrate is a molded product, examples of which include a sheet-like substrate such as a flat sheet or a 
corrugated sheet, a film-like substrate, a substrate formed into various forms, a laminate having at least surface layer 
of various transparent synthetic resins, and the like. Particularly, a flat sheet-like substrate (not bending-processed) is 
preferable. In the present invention, a flat sheet comprising an aromatic polycarbonate type resin is particularly prefer- 
able as a substrate. This sheet has a thickness of from 1 to 100 mm to be suitably used for a window material and the 

15 like. On one side or both sides of this sheet, the above mentioned at least 2 transparent cured material layers are 
formed. 

[0142] A bending-processed transparent coated molded product of the present invention has excellent properties par- 
ticularly suitable as a window material for vehicles. As compared with a glass window material for vehicles, a transpar- 
ent coated molded product of the present invention is light and has satisfactory surface properties comparable to glass. 
20 Hereinafter, a transparent coated molded product of the present invention suitable as a window material for vehicles is 
explained in more detail. 

[0143] Various outer forces such as a scuffing force are applied from outside to a window material for vehicles. There- 
fore, a transparent coated molded product of the present invention is mounted on a vehicle body preferably so as to 
make the first coating layer faced outside. In this case, the outermost layer of a transparent coated molded product of 
25 the present invention should preferably have an abrasion resistance of at most 10% by an abrasion resistance test 
(rotation number of sample: 1.000 times) in accordance with JIS R 3212. Particularly, when a transparent coated 
molded product of the present invention is mounted on a front side window of a vehicle, an abrasion resistance should 
preferably be at most 4% in order to secure a driver's sight. 

[0144] Since outer forces such as abrasion or scuffing are applied also to the inner side of a window material for a 

30 vehicle, it is preferable for a transparent coated molded product of the present invention to have an abrasion-resistant 
surface layer also on the inner side of a window for a vehicle. For example, a transparent coated molded product of the 
present invention can have the above mentioned inner layer and outermost layer provided also on the inner side of a 
window for a vehicle. Also, it is possible to make the above mentioned inner layer for a surface layer by having the inner 
layer provided with a satisfactory abrasion resistance of some level. Also, it is possible to make an abrasion-resistant 

35 layer other than these layers for a surface layer. Further, depending on an aimed object, it is possible to provide a sur- 
» face layer having surface properties other than an abrasion resistance on the inner side of a window for a vehicle. 

[0145] Examples of a case in which a surface layer other than the above mentioned outermost layer on the inner side 
of a vehicle, includes the following cases. Generally, examples of windows for a vehicle include fixed windows such as 
a windshield, a side window or a rear window and sliding windows such as a sliding door window. A fixed window is 

40 adhered and fixed on a vehicle body by means of an adhesive such as an urethane type adhesive, and it is therefore 
necessary to select a surface layer on the inner side of a vehicle, which can be fully adhered and fixed on the vehicle 
body. The above mentioned outermost layer satisfactorily achieves an adhesive and fixing force on the vehicle body. 
However, when it is required to be more highly adherent, it is preferable to provide a resin layer having a high adherent 
property as a surface layer. Examples of a resin having a high adherent property include an acrylic resin such as a 

45 (meth)acrylate homopolymer or copolymer. The above mentioned inner layer comprising a cured material of a polyfunc- 
tional compound (a) having a (meth)acryloyloxy group is preferable as a resin layer having a high adherent property. 
Also, since the above mentioned inner layer has a certain level of high abrasion resistance, a transparent coated 
molded product of the present invention having this layer on the inner side of a vehicle can be used as a sliding window. 
[0146] When preparing a molded produce having the above mentioned second surface layer on one side of a coated 

so molded product of the present invention, it is preferable to carry out bending-process during forming the second surface 
layer or after forming the second surface layer. The above mentioned inner layer can be subjected to bending-process 
after curing the coating agent (A). Therefore, it is posstole to produce an aimed transparent coated molded product of 
the present invention by using a substrate having the above mentioned inner layer on one side, forming the above men- 
tioned inner layer and outer layer on the other side and being subjected to bending treatment. 

55 [0147] The above surface layer is not limited to the above mentioned inner layer. The above mentioned inner layer is 
a cured material cured by an energy ray such as ultraviolet light. However, the above surface layer may be a cured 
material layer cured by heat. For example, the above surface layer may be formed by using a heat polymerization initi- 
ator such as peroxide in place of a photopolymerization initiator in a coating agent (A) and using a heat-curable coating 
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agent having the same composition as in the coating agent (A). Also, the above surface layer can be prepared by using 
a transparent thermoplastic resin having an abrasion resistance higher than a substrate as a surface layer material and 
laminating this layer on the substrate. 

[0148] Heretofore it has been known to use a laminated glass comprising at least 2 glass sheets having an interme- 
diate film provided therebetween as a window material for a vehicle. A transparent coated molded product of the 
present invention can be used as one of glass sheets for this laminated glass. In this case, it is not necessary to provide 
a surface layer having an abrasion resistance on one side of the transparent coated molded product of the present 
invention which is faced to the other glass sheets and is not exposed outside. Further, in order to improve an adhesive- 
ness with' an intermediate layer, it is possible to provide a layer having a suitable surface property other than abrasion 
resistance Further, it is possible to use a transparent coated molded product as a laminated resin plate comprising at 
least 2 resin plates having an intermediate layer or intermediate adhesive layer provided therebetween. In such a case, 
it is preferable to fix so as to have the above mentioned outermost layer of the laminated resin plate faced outside of a 

[0149* A transparent coated molded product of the present invention may be provided with a dark colored layer 
formed on the periphery part of a window material to conceal an adhesive used for adhering and fixing to a vehicle body 
from outside view of a vehicle, and also may be provided with a linear antenna conductor, a heat ray conductor or the 
like equipped on predetermined parts of a window material. For example, they can be provided by coating a dark paint 
or applying a ceramic conductor print between an inner layer and a substrate, between a substrate and an outermost 
layer or a surface layer, and on an outermost layer or a surface layer. Also, it is possible to use a window material rtself 
as a colored transparent window by adding a coloring agent to a cured material of each layer constituting a window 
material. It is also possible to produce a transparent coated molded product of the present invention provided with a 
colored conductor print by using a layer between an inner layer and a substrate. 



EXAMPLES 

[0150] Hereinafter, the present invention is further explained with reference to Preparation Examples (Examples 1 to 
5) working Examples (Examples 6 to 20 and Examples 27 to 45) and Comparative Examples (Examples 21 to 26), but 
the present invention should not be limited to these Examples. Various physical properties disclosed in these Examples 
were measured and evaluated in accordance with the following methods. The results of Examples 6 to 26 are disclosed 
in the following Table 1 . and the results of Examples 27 to 33 are disclosed in the following Table 2. The following Table 
1 shows measurement and evaluation results of physical properties with regard to ordinary architectural glass sheets. 

(Initial haze value and abrasion resistance) 

[0151 ] In accordance with an abrasion resistance test of JIS-R3212, a haze value was measured by a hazemeter after 
making 500 times rotations and 1000 times rotations of two CS-1 OF abrading rings respectively provided with a weight 
of 500 g The haze value was measured at four points on an abrading cycle track, and their average value was calcu- 
lated. An initial haze value is a haze value (%) before the abrasion test, and an abrasion resistance is calculated as illus- 
trated below. 

Abrasion resistance (%) = (haze value after abrasion test) - (haze value before abrasion test) 

[01521 Also an abrasion resistance test of an inner layer before forming an outermost layer was carried out with 
regard to a sample prepared by coating a curable coating agent (A) on a substrate and fully curing the coating agent, 
45 and an abrasion resistance was evaluated by measuring a haze value before the abrasion resistance test and a haze 
value after making 100 times rotations of the abrading rings in the same manner as mentioned above. 

(Adhesiveness) 

so [0153] 1 1 lines of cut breaks were made respectively in the length direction and in the breadth direction at a distance 
of 1 mm on a sample by a shaving razor to prepare 100 crosscuts, and a commercially available adhesive cellophane 
tape was fully adhered thereto, and was rapidly stripped from the sample toward this side at an angle of 90». and a 
number of crosscuts (m) remained without peeling off was expressed by "m/100". 



55 (Weather resistance) 

[0154] A weather resistance test was made by a sunshine weatherometer by evaluating an outer appearance of a test 
sample after exposing the test sample to a cycle of raining for 12 minutes and drying for 48 minutes at a black panel 
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temperature of 63°C for 3000 hours. 

(Ultraviolet light-absorbing performance) 

s [01 55] A transparent cured material layer was formed on a parting glass, and the transparent cured material film was 
peeled from the parting glass, and an absorption spectrum of the film was measured by a spectrophotometer to meas- 
ure a transmittance of an ultraviolet light of 350 nm. 

[0156] Also, starting materials and production conditions used in these Examples are those illustrated below unless 
otherwise specified. 

10 [0157] Resin plate: Transparent aromatic polycarbonate resin plate having a thickness of 3 mm (1 50 mm x 300 mm) 
[01 58] Drying condition of a coating solution of coating agent (A): Maintained at 80°C for 5 minutes in a hot air-circu- 
lating oven 

[0159] Drying condition of a coating solution of coating agent (B): Maintained at 80°C for 10 minutes in a hot air-cir- 
culating oven 

15 [0160] Coating method of coating solutions of coating agents (A) and (B): Coating by a bar-coater 

[0161] Irradiation condition of ultraviolet light: Irradiation with a high pressure mercury lamp in air atmosphere 

EXAMPLE 1 

20 [0162] 5 parts by weight of 3-mercaptopropy! trimethoxysilane and 3.0 parts by weight of 0.1 N hydrochloric acid were 
added to 100 parts by weight of ethyl cellosolve-dispersion type colloidal silica (silica content: 30 wt%, average particle 
size: 1 1 nm), and the resultant mixture was stirred at 100°C for 6 hours, and was then aged at room temperature for 12 
hours to obtain a mercaptosilane-modified silica dispersion. 

25 EXAMPLE 2 

[0163] An acrylsilane-modified colloidal silica dispersion was obtained in the same manner as in Example 1 , except 
that 5 parts by weight of 3-acryloyloxypropyl trimethoxysilane was used in place of 3-mercaptopropyl trimethoxysilane. 

. 30 EXAMPLE 3 

[0164] An aminosilane-modified colloidal silica dispersion was obtained in the same manner as in Example 1 , except 
that 5 parts by weight of N-phenyl-3-aminopropyl trimethoxysilane was used in place of 3-mercaptopropyl trimethoxysi- 
lane. 

35 

EXAMPLE 4 

[0165] An epoxysilane-modified colloidal silica dispersion was obtained in the same manner as in Example 1 . except 
that 5 parts by weight of 3-glycidoxypropyl trimethoxysilane was used in place of 3-mercaptopropy! trimethoxysilane. 

40 

EXAMPLE 5 

[0166] A mercaptosilane-modified colloidal silica dispersion was obtained in the same manner as in Example 1, 
except that 100 parts by weight of 2-propanol-dispersion type colloidal silica (silica content: 30 wt%, average particle 
45 size: 1 1 nm) was used in place of the ethylcellosolve-dispersion type colloidal silica and the reaction temperature was 
made83°C. 

EXAMPLE 6 

so [01 67] 1 5 g of 2-propanol, 1 5 g of butyl acetate, 7.5 g of ethyl cellosolve, 1 50 mg of 2,4,6-trimethylbenzoyl diphenyl- 
phosphine oxide, 1 g of 2-(3,5-di-t-pentyl-2-hydroxyphenyl)benzotriazol and 200 mg of bis(1-octyloxy-2,2,6,6-tetrame- 
thyl-4-piperidinyl)sebacate were added and dissolved in a 100 mL four-forked flask equipped with a stirrer and a cooling 
tube, and 10.0 g of urethane acrylate (containing averagely 1 5 acryloyl groups per molecule) which is a reaction product 
of hydroxyl group-containing dipentaerythritol polyacrylate and partially nurated hexamethylene diisocyanate. was 

55 added thereto, and the resultant mixture was stirred at normal temperature for 1 hour to obtain a coating composition 
(hereinafter referred to as "coating solution (A-1) rt ). 

[0168] The coating solution (A-1) thus obtained was coated on a resin plate (wet thickness: 22 [im), and was dried. 
The coating was irradiated with ultraviolet light of 3000 mJ/cm 2 (integrated energy amount of ultraviolet light of wave- 
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length of 300 to 390 nm, hereinafter the same) to form a transparent cured material layer having a layer thickness of 5 
jim. 

[0169] The transparent cured material layer thus formed was further coated with a xylene solution of perhydropoly- 
silazane containing a low temperature-curable metal catalyst (solid content: 20 wt%, number average molecular weight 

5 of perhydropolysilazane: 1000. tradename "L110 M manufactured by Tonen K.K.) (hereinafter referred to as "coating 
solution (B-1 )■) to provide a coating layer (having a wet thickness of 6 nm) as an outermost layer, which was then fully 
cured by maintaining in a hot air-circulating oven at 100°C for 120 minutes. It was identified by IR analysis that the out- 
ermost layer became a complete silica layer (in the following Examples also, complete curing of coating agent (B) was 
identified by IR analysis). In this manner, a transparent cured material layer having a total layer thickness of 6.2 ^m was 

w formed on the resin plate. Various properties of the sample thus obtained were measured and evaluated. 

[0170] On the other hand, coating solution (A-1) was coated on a resin plate and was dried and irradiated with ultra- 
violet light to fully cure and to form a transparent cured material layer having the same thickness as mentioned above. 
Abrasion resistance of the transparent cured materia! layer surface of the sample thus obtained was evaluated. The 
abrasion resistance after 100 rotations was 2.8%. Abrasion resistances of inner layers of the following Examples were 

is measured in the same manner as mentioned above. 

EXAMPLE 7 

[01 71 ] A sample was prepared in the same manner as in Example 6, except that the production process was modified 
20 in the following manner. 

[0172] Coating solution (A-1) was coated and dried, and was irradiated with ultraviolet light of 150 mJ/cm to form a 
partially cured material layer having a layer thickness of 5 ^m. The partially cured material layer thus formed was further 
coated with coating solution (B-1) (to provide a wet thickness of 6 u.m) and was dried and irradiated with ultraviolet light 
of 3000 mJ/cm 2 . Finally, the sample thus obtained was maintained in a hot air-circulating oven at 100°C for 120 min- 
25 utes, and various properties were measured and evaluated. 

EXAMPLE 8 

[01 73] A sample was prepared in the same manner as in Example 7, except that the production process was modified 
30 in the following manner. 

[0174] Finally, the sample was aged at 23°C in air atmosphere of a relative humidity of 55% for one day in place of 
maintaining in a hot air-circulating oven at 100°C for 120 minutes, and various properties were measured. 

EXAMPLE 9 

35 

[0175] A sample was prepared in the same manner as in Example 7, except that the production process was modified 
in the following manner. 

[0176] A coating layer (having a wet thickness of 6 nm) was formed by coating a xylene solution of perhydropolysila- 
zane containing no catalyst (solid content: 20 wt%, number average molecular weight of perhydropolysilazane: 700, 
40 tradename "V1 10" manufactured by Tonen K.K.) in place of the coating solution (B-1) and was dried. Thereafter, perhy- 
dropolysilazane was cured by maintaining the coating layer on a 3 wt% triethylamine aqueous solution bath for 3 min- 
utes. 

EXAMPLE 10 

45 

[0177] A sample was prepared in the same manner as in Example 6, except that the production process was modified 
in the following manner. 

[0178] After coating and drying coating solution (A-1), coating solution (B-1) was coated thereon (so as to provide a 
wet thickness of 6 \xxn) and was dried. The sample was then irradiated with ultraviolet light of 3000 mJ/cm 2 . Finally, the 
50 sample was maintained in a hot air-circulating oven at 100°C for 120 minutes, and various properties were measured 
and evaluated. 

EXAMPLE 1 1 

55 [0179] 15 g of 2-propanol. 15 g of butyl acetate, 150 mg of 2,4,6-trimethylbenzoyl diphenylphosphine oxide. 1 g of 2- 
(3,5-di-t-pentyl-2-hydroxyphenyl)benzotriazol and 200 mg of bis(1-octyloxy-2,2,6 l 6-tetramethyl-4-piperidinyl)sebacate 
were added and dissolved in a 100 mL four-forked flask equipped with a stirrer and a cooling tube, and 10.0 g of tris(2- 
acryloyloxyethyl)isocyanurate was added thereto and the resultant mixture was stirred at normal temperature for 1 hour. 
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Thereafter, 30.3 g of the mercaptosilane-modified colloidal silica dispersion prepared in Example 1 was further added 
thereto, and the resultant mixture was stirred at room temperature for 1 5 minutes to obtain a coating composition (here- 
inafter referred to as "coating solution (A-2)"). 7 
[0180] The coating solution (A-2) thus obtained was coated on a resin plate (to provide a wet thickness of 16 nm), 
5 and was dried and irradiated with ultraviolet light of 150 mj/cm 2 to form a partially cured material layer having a layer 
thickness of 5 ^m. The partially cured material layer thus formed was further coated with coating solution (B-1) (to pro- 
vide a wet thickness of 6 um), and was dried and irradiated with ultraviolet light of 3000 mJ/cm 2 . Finally, the sample thus 
obtained was maintained in a hot air-circulating oven at 100°C for 120 minutes, and various properties were measured 
and evaluated. 

10 [0181 ] On the other hand, a sample was prepared by coating a coating solution (A-2) on a resin plate and fully curing 
to form a transparent cured material layer, and the transparent cured material layer surface was evaluated with regard 
to abrasion resistance. The abrasion resistance after 100 rotations was 0.9%. 

EXAMPLE 12 

15 

[0182] A sample was prepared in the same manner as in Example 1 1 , except that the production process was mod- 
ified in the following manner. 

[0183] Finally, the sample was aged in air atmosphere having a relative humidity of 55% at 23°C for one day in place 
of maintaining in a hot air-circulating oven at 100°C for 120 minutes, and various properties were measured. 

20 

EXAMPLE 13 

[0184] A sample was prepared in the same manner as in Example 1 1 , except that the acrylsi lane-modified colloidal 
silica dispersion prepared in Example 2 was used in the same amount in place of the modified colloidal silica dispersion 
25 used in Example 11, and various properties of the sample thus obtained were measured and evaluated. Also, a trans- 
parent cured material layer prepared by coating a coating solution using this acrylsilane-modif ied colloidal silica disper- 
sion and fully curing was measured, with regard to an abrasion resistance, and the abrasion resistance after 100 
rotations was 1.1%. 

so EXAMPLE 14 

[0185] A sample was prepared in the same manner as in Example 1 1 , except that the ami nosi lane-modified colloidal 
silica dispersion prepared in Example 3 was used in the same amount in place of the modified colloidal silica dispersion 
used in Example 1 1 , and various physical properties of the sample thus obtained were measured and evaluated. Also, 
35 a transparent cured material layer prepared by coating a coating solution using this aminosilane-modif ied colloidal silica 
dispersion and fully curing was measured with regard to an abrasion resistance, and the abrasion resistance after 100 
rotations was 1.3%. 

EXAMPLE 15 

40 

[0186] A sample was prepared in the same manner as in Example 1 1 , except that the epoxysilane-modif ied colloidal 
silica dispersion prepared in Example 4 was used in the same amount in place of the modified colloidal silica dispersion 
used in Example 1 1 , and various physical properties of the sample thus obtained were measured and evaluated. Also, 
a transparent cured material layer prepared by coating a coating solution using this epoxysilane-modified colloidal silica 
45 dispersion and fully curing was measured with regard to an abrasion resistance, and the abrasion resistance after 100 
rotations was 1.2%. 

EXAMPLE 16 

50 [0187] A sample was prepared in the same manner as in Example 1 1 , except that the mercaptosilane-modified col- 
loidal silica dispersion in 2-propanol prepared in Example 5 was used in the same manner in place of the modified col- 
loidal silica dispersion used in Example 1 1 , and various physical properties of the sample thus obtained were measured 
and evaluated. Also, a transparent cured material layer prepared by coating a coating solution using this mercaptosi- 
lane-modified colloidal silica dispersion and fully curing was measured with regard to an abrasion resistance, and the 

55 abrasion resistance after 1 00 rotations was 1 .4%. 
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EXAMPLE 17 

[0188] A sample was prepared in the same manner as in Example 1 1 , except that the production process was mod- 
if ied in the following manner. 

s [01 89] Coating solution ( A-2) was coated on a resin plate (to provide a wet thickness of1 6 uin) and dried, which was 
then irradiated with ultraviolet light of 150 mJ/cm 2 to form a partially cured material layer having a layer thickness of 5 
urn. Coating solution (B-1) was coated thereon (to provide a wet thickness of 6 urn) and was dried, which was then irra- 
diated with ultraviolet light of 3000 mJ/cm 2 . The sample thus obtained was maintained in a hot air-circulating oven at 
V70°C for 5 minutes, and immediately after taking out from the oven, the sample was bending-processed by pressing 

w the sample onto a mold having a curvature of 64 mmR so as to make the transparent cured material layer side convex. 
Thereafter, the sample was aged at room temperature for one day, and was observed with regard to its outer appear- 
ance. As this result, a satisfactory cured material layer having no cracks or wrinkles was obtained. 
[0190] On the other hand, the sample having two full cured material layers finally obtained in Example 1 1 was main- 
tained in a hot air-circulating oven at 170°C for 5 minutes, and immediately after taken out from the oven, the sample 

15 was bending-processed by pressing the sample onto a mold having a curvature of 64 mmR so as to make the transpar- 
ent cured material layer side convex, and the sample was observed with regard to its outer appearance. As this result, 
the cured material layer had cracks and wrinkles occurred. 

EXAMPLE 18 

20 

[0191] A sample was prepared in the same manner as in Example 6, except that the production process was modified 
in the following manner. 

[0192] Coating solution (B-1) was coated and dried, and the sample was maintained in a hot air-circulating oven at 
100°C for 10 minutes to partially cure perhydropolysilazane (absorption intensity of Si-H was identified to be about 3/4 
25 in comparison with uncured perhydropolysilazane by IR analysis). Thereafter, the sample was irradiated with ultraviolet 
light of 3000 mJ/cm 2 , and was maintained in a hot air-circulating oven at 120°C for 120 minutes to fully cure perhy- 
dropolysilazane. Various physical properties of the sample thus obtained were measured and evaluated. 

EXAMPLE 19 

30 

[0193] A sample was prepared in the same manner as in Example 18, except that the production process was mod- 
ified in the following manner. 

[0194] Finally, perhydropolysilazane was cured by aging at 23°C for one day in air atmosphere having a relative 
humidity of 55% in place of curing by maintaining in a hot air-circulating oven at 120°C for 120 minutes, and various 
35 physical properties of the sample thus obtained were measured. 

EXAMPLE 20 

[0195] A sample was prepared in the same manner as in Example 1 1 , except that the production process was mod- 

40 rfied in the following manner. 

[0196] After coating and drying coating solution (B-1), the sample was maintained in a hot air-circulating oven at 
100°C for 10 minutes to partially cure perhydropolysilazane (absorption intensity of Si-H was identified to be about 3/4 
in comparison with uncured perhydropolysilazane by IR analysis). Thereafter, the sample was irradiated with ultraviolet 
light of 3000 mJ/cm 2 and was maintained in a hot air-circulating oven at 120°C for 120 minutes to fully cure perhy- 

45 dropolysilazane. Various physical properties of the sample thus obtained were measured and evaluated. 

EXAMPLE 21 

[0197] A coating solution having the same composition as in Example 6 was prepared, except that 10.0 g of urethane 
so acrylate was replaced by 10.0 g of a reaction product of 1 mol of bisphenol A-ethylene oxide two molecules adduct, 2 
mols of hexamethylenediisocyanate and 2 mols of 2-hydroxyethyl acrylate (two-functional urethane acrylate having a 
molecular weight of 1000. a melting point of 28°C and 2 acryloyl groups per molecule) (hereinafter referred to as "coat- 
ing solution X"), and coating solution X and coating solution (B-1) were used in the same manner under the same con- 
ditions as in Example 6 to prepare a sample having 2 cured material layers. Various physical properties of this sample 
55 were measured and evaluated. 

[01 98] Also, a resin plate sample having a transparent cured material layer of coating solution X formed was evaluated 
with regard to abrasion resistance of the transparent cured material layer surface. The abrasion resistance after 100 
rotations was 15.8%. 
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EXAMPLE 22 

[0199] Coating solution (A-1) was coated on a resin plate (wet thickness: 20 um) and dried. The resin plate thus 
coated was irradiated with ultraviolet light of 3000 mJ/cm 2 to cure a transparent cured material layer having a layer 
5 thickness of 6 um, and various physical properties of this sample were measured and evaluated. 

EXAMPLE 23 

[0200] Coating solution (B-1) was coated on a resin plate (wet thickness: 10 urn) and dried. The resin plate thus 
10 coated was maintained in a hot air-circulating oven at 1 00°C for 1 20 minutes to form a transparent cured material layer 
having a layer thickness of 2 um, and various physical properties of this sample were measured and evaluated. 

EXAMPLE 24 

15 [0201] Coating solution (A-2) was coated on a resin plate by a bar-coater (wet thickness: 20 um), and the resin plate 
thus coated was maintained in a hot air-circulating oven at 80°C for 5 minutes. The resin plate thus coated was irradi- 
ated with ultraviolet light of 3000 mJ/cm 2 to cure a transparent cured material layer having a layer thickness of 6 um, 
and various physical properties of this sample were measured and evaluated. 

20 EXAMPLE 25 

[0202] Coating solution (B-1) in Example 6 was replaced by coating solution (hereinafter referred to as "coating solu- 
tion Y") comprising 100 g of partially hydrolyzed condensate (molecular weight: 2000) of trimethoxymethyisilane, 30 g 
of colloidal silica (average particle size: 1 1 nm), 150 g of ethylcellosolve and 150 g of butyl acetate. 

25 [0203] Coating solution (A-1) was coated on a resin plate (wet thickness: 30 pm) and dried, and the resin plate thus 
coated was irradiated with ultraviolet light of 150 mJ/cm 2 to form a transparent cured material layer having a layer thick- 
ness of 7 um. Coating solution Y was then coated on the above formed cured material layer surface (wet thickness: 8 
um), and the resin plate thus coated was maintained in a hot air-circulating oven at 80°C for 10 minutes and dried. The 
resin plate thus coated was irradiated with ultraviolet light of 3000 mJ/cm 2 , and was further maintained at 120°C for 2 

30 hours to form 2 transparent cured material layers having a total thickness of 10 um. 

EXAMPLE 26 

[0204] A sample was prepared by using the same materials and the same conditions as in Example 25, except that 
35 coating solution (A-2) was used in place of coating solution (A-1). 



Table 1 





Initial haze value (%) 


Abrasion resistance 


Adhesiveness 


Weather resistance 






500 times 


1000 times 






Example 6 


0.5 


2.0 


3.0 


100/100 


No change 


Example 7 


0.5 


1.7 


2.5 


100/100 


No change 


Example 8 


0.5 


1.2 


1.8 


100/100 


No change 


Example 9 


0.5 


1.1 


1.8 


100/100 


No change 


Example 10 


0.6 


1.0 


1.7 


100/100 


No change 


Example 1 1 


0.5 


0.9 


1.6 


100/100 


No change 


Example 12 


0.5 


0.7 


1.2 


100/100 


No change 


Example 13 


0.4 


1.2 


2.2 


100/100 


No change 


Example 14 


0.4 


1.6 


2.4 


100/100 


No change 


Example 15 


0.4 


1.4 


2.3 


100/100 


No change 


Example 16 


0.4 


1.0 


1.8 


100/100 


No change 
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Table 1 (continued) 





Initial ha?P valnp 


Abrasion resistance 


Adhesiveness 


Weather resistance 






oou times 


iuuu times 






Cvomnl d IP 

txampic 1 O 


0.5 


0.9 


i .y 


100/100 


No change 


Fvamnlo 1Q 
Cag) l ipic I n? 


0.5 


n e 
U.O 


l .4 


100/100 


No change 




0 5 


0.6 


1.3 


100/100 


No change 


Example 21 


0.5 


28.8 


52.2 


90/100 


Separation of layer 


Example 22 


0.4 


20.2 


50.7 


100/100 


No change 


Example 23 


0.4 


54.6 


76.3 


20/100 


Separation of layer 


Example 24 


0.4 


6.1 


10.6 


100/100 


Occurence of little crack 


Example 25 


0.5 


12.0 




0/100 


Colored yellow and separa- 
tion of layer 


Example 26 


0.5 


9.2 




0/100 


Colored yellow and separa- 
tion of layer 


Glass 


0.2 


0.6 


0.9 




No change 



EXAMPLE 27 

25 [0205] A coating solution having the same composition as coating solution (A-1) was prepared in the same manner 
as in the preparation of coating solution (A-1). except that 500 mg of 2-[2-hydroxy-5-(acryloyloxyethyl)phenyl]benzotri- 
azol was used in place of 1 g of 2-(3,5-di-t-pentyl-2-hydroxyphenyl)benzotria2ol. Hereinafter, this coating solution was 
referred to as "coating solution (A-3) n . 

[0206] Coating solution (A-3) was coated on a resin plate (wet thickness: 22 urn) and dried. The coated layer was 
30 cured by irradiating with ultraviolet light of 3000 mJ/cm 2 to form a cured material layer having a layer thickness of 5 urn. 
Thereafter, coating solution (B-1) was further coated on the cured material layer (wet thickness: 6 urfi) and dried, and 
was maintained in a hot air-circulating oven at 100°C for 120 minutes to fully cure the outermost layer to form 2 trans- 
parent cured layers (total layer thickness: 6.2 ujti) on the resin plate. Various physical properties of this sample were 
measured and evaluated. 

35 [0207] On the other hand, another sample of a resin plate having a fully cured transparent cured material layer of coat- 
ing solution (A-3) formed was evaluated with regard to an abrasion resistance. The abrasion resistance after 100 rota- 
tions was 2.3%. 

EXAMPLE 28 

40 

[0208] A coating solution having the same composition as coating solution (A-3) was prepared in the same manner 
as in Example 27, except that 500 mg of 2-[2-hydroxy-5-(acryloyloxyethyl)phenyl]ben20triazol was replaced by 1 g of 
the same compound (hereinafter referred to as "coating solution (A-4)"). , . 

[0209] Coating solution (A-4) was coated on a resin plate (wet thickness: 22 ujti) and dried, and was cured by irradi- 
45 ating with ultraviolet light of 3000 mJ/cm 2 to form a transparent cured material layer having a layer thickness of 5 ujti. 
Coating solution (B-1) was further coated on the transparent cured material layer in the same manner as in Example 
27 (wet thickness: 6 urn) and was cured to form 2 transparent cured material layers (total layer thickness: 6.2 urn). This 
sample was measured and evaluated with regard to various physical properties. 

[021 0] On the other hand, another sample of a resin plate having a fully cured transparent cured material layer of coat- 
so ing solution (A-4) formed was evaluated with regard to an abrasion resistance. The abrasion resistance after 100 rota- 
tions was 2.5%. 

EXAMPLE 29 

55 [021 1] A coating solution having the same composition as coating solution (A-3) was prepared in the same manner 
as in Example 27, except that 500 mg of 2-[2-hydroxy-5-(acryloyloxyethyl)phenyl]benzotriazol was replaced by 1 g of 2- 
hydroxy-4-(2-acryloyloxy)ethoxybenzophenone (hereinafter referred to as "coating solution (A-5)"). 
[021 2] Coating solution (A-5) was coated on a resin plate by a bar-coater (wet thickness: 22 urn) and dried, and was 
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cured by irradiating with ultraviolet light of 3000 mJ/cm 2 to form a cured material layer having a layer thickness of 5 urn. 
Coating solution (B-1) was further coated on the cured material layer (wet thickness: 6 >im) and dried, and was further 
maintained in a hot air-circulating oven at 100°C for 120 minutes to fully cure the outermost layer, thereby forming 2 
transparent cured material layers (total layer thickness: 6.2 urn). Various physical properties of this sample were meas- 
5 ured and evaluated. 

[021 3] On the other hand, another sample of a resin plate having a fully cured transparent cured material layer of coat- 
ing solution (A-5) formed was evaluated with regard to an abrasion resistance. The abrasion resistance after 100 rota- 
tions was 2.6%. 

10 EXAMPLE 30 

[021 4J A coating solution having the same composition as coating solution (A-2) was prepared in the same manner 
as in the preparation of coating solution (A-2), except that 1 g of 2-[2-hydroxy-5-(acryloyloxyethyl)phenyl]ben2otria20l 
was used in place of 1 g of 2-(3,5-di-t-pentyl-2-hydroxyphenyl)ben20tria2ol. Hereinafter, this coating solution was 

15 referred to as "coating solution (A-6)". 

[021 5] Coating solution (A-6) was coated on a resin plate by a bar-coater (wet thickness: 16 urn) and dried, and was 
irradiated with ultraviolet light of 150 mJ/cm 2 to form a partially cured material layer having a layer thickness of 5 jim. 
Coating solution (B-1) was coated on the partially cured material layer (wet thickness: 6 pm) and dried, and was irradi- 
ated with ultraviolet light of 3000 mJ/cm 2 . Finally, this sample was maintained in a hot air-circulating oven at 100°C for 

20 1 20 minutes, and various physical properties of this sample were measured and evaluated. 

[021 6] On the other hand, another sample of a resin plate having a fully cured transparent cured material layer of coat- 
ing solution (A-6) formed was evaluated with regard to an abrasion resistance. The abrasion resistance after 100 rota- 
tions was 0.8%. 

25 EXAMPLE 31 

[0217] A coating solution having the same composition as coating solution (A-6) was prepared in the same manner 
as in Example 30. except that mercaptosilane-modified colloidal silica dispersion used in Example 30 was replaced by 
the same amount of acrylsilane-modif ied colloidal silica dispersion prepared in Example 2, and a sample was prepared 
30 by using this coating solution under the same conditions as in Example 30, and various physical properties of this sam- 
ple were measured and evaluated. 

[021 8] On the other hand, another sample of a resin plate having a fully cured transparent cured material layer formed 
with the above coating solution was evaluated with regard to an abrasion resistance. The abrasion resistance after 100 
rotations was 1.0%. 

35 

EXAMPLE 32 

[0219] A coating solution having the same composition as coating solution (A-6) was prepared in the same manner 
as in Example 30, except that mercaptosilane-modified colloidal silica dispersion used in Example 30 was replaced by 
40 the same amount of aminosilane-modified colloidal silica dispersion prepared in Example 3, and a sample was pre- 
pared by using this coating solution under the same conditions as in Example 30. Various physical properties of this 
sample were measured and evaluated. 

[0220] On the other hand, another sample of a resin plate having a fully cured transparent cured material layer formed 
with the above coating solution was evaluated with regard to an abrasion resistance. The abrasion resistance after 100 
45 rotations was 1 .2%. 

EXAMPLE 33 

[0221] A coating solution having the same composition as coating solution (A-6) was prepared in the same manner 
so as in Example 30, except that mercaptosilane-modified colloidal silica dispersion used in Example 30 was replaced by 
the same amount of epoxysilane-modified colloidal silica dispersion prepared in Example 4, and a sample was pre- 
pared by using this coating solution under the same conditions as in Example 30. Various physical properties of this 
sample were measured and evaluated. 

[0222] On the other hand, another sample of a resin plate having a fully cured transparent cured material layer formed 
55 with the above coating solution was evaluated with regard to an abrasion resistance. The abrasion resistance after 1 00 
rotations was 1.1%. 



BNSDOCID: <EP 0899091 A2J_> 



EP 0 899 091 A2 



EXAMPLE 34 

[0223] A sample was prepared in the same manner as in Example 30, except that the production process was mod- 
ified in the following manner. 

[0224] Coating solution (A-6) was coated on a resin plate (wet thickness: 16 um) and dried, which was irradiated with 
ultraviolet light of 1 50 mJ/cm 2 to form a partially cured material layer having a layer thickness of 5 um. Coating solution 
(B-1) was further coated on the partially cured material layer (wet thickness: 6 urn) and dried, which was then irradiated 
with ultraviolet light of 3000 mJ/cm 2 . Thereafter, this sample was maintained in a hot air-circulating oven at 1 70°C for 5 
minutes, and immediately after taking out, the sample was bending-processed by pressing to a mold having a curvature 
of 64 mmR so as to make the cured material layer coating side convex, and was then aged for one day at room temper- 
ature to obtain a bending-processed sample. A sample thus obtained had a satisfactory outer appearance, and there 
were observed no defects such as cracks or wrinkles on the outermost layer. 



Table 2 





Initial haze value (%) 


Abrasion resistance 


Adhesiveness 


(UV ray absorbing per- 
formance) UV ray trans- 
mittance (%) 






500 times 


1000 times 






Example 27 


0.5 


2.0 


3.0 


100/100 


2.5 


Example 28 


0.5 


0.9 


1.6 


100/100 


0.1 


Example 29 


0.5 


0.7 


1.2 


100/100 


2.1 


Example 30 


0.4 


1.2 


2.2 


100/100 


0.1 


Example 31 


0.4 


1.4 


2.3 


100/100 


0.1 


Example 32 


0.4 


1.0 


1.8 


100/100 


0.1 


Example 33 


0.4 


1.0 


1.8 


100/100 


0.1 



EXAMPLE 35 

[0225] A coating solution having the same composition as coating solution (A-1) was prepared in the same manner 
as in the preparation of coating solution (A-1 ). except that 1 g of 2-[4-(2-hydroxy-3-dodecyloxypropyloxy)-2-hydroxyphe- 
ny!]-4 > 6-bis(2,4<jimethyiphenyl)-1.3 l 5-triazine was used in place of 1 g of 2-(3,5-di-t-pentyl-2-hydroxyphenyl)benzotria- 
zol. Hereinafter, this coating solution is referred to as "coating solution (A-7) n . 

[0226] Coating solution (A-7) was coated on a resin plate by a bar-coater (wet thickness: 30 um) and dried, and was 
irradiated with ultraviolet light of 150 mJ/cm 2 to form a partially cured material layer having a layer thickness of 7 um. 
Coating solution (B-1) was further coated on the partially cured material layer (wet thickness: 6 um) and dried, and was 
irradiated with ultraviolet light of 3000 mJ/cm 2 and was maintained in air atmosphere having a relative humidity of 50% 
for 24 hours to form a transparent cured material layer having a total layer thickness of 8.2 um. 
[0227] This sample had an initial haze value of 0.5%, an abrasion resistance of 1.8% after 500 rotations and 3.0% 
after 1000 rotations, and an adhesiveness of 100/100, and a weather resistance of this sample was not -changed. 
[0228] On the other hand, another sample of a resin plate having a fully cured transparent cured material layer formed 
with coating solution (A-6) was evaluated with regard to an abrasion resistance, and the abrasion resistance after 100 
rotations was 2.5%. 

EXAMPLE 36 

[0229] 0.60 g of 2-methyl-1 -{4-(methylthio)phenyl}-2-morpholinopropane-1 -one was added to 1 00 g of a xylene solu- 
tion of perhydropolysilazane containing no catalyst used in Example 9 (solid content: 20 wt%. number average molec- 
ular weight of perhydropolysilazane: 700, tradename "V1 10" manufactured by Tonen K.K.). and the mixture was stirred 
at room temperature for 60 minutes in nitrogen atmosphere to prepare a coating solution (hereinafter, referred to as 
"coating solution (B-2)"). 

[0230] Coating solution (B-2) was used in place of coating solution (B-1 ) in Example 6, and was coated on the surface 
of a cured material layer (layer thickness: 7 um) of coating solution (A-1) (wet thickness: 3 um) and dried, and was irra- 
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diated with ultraviolet light of 3000 mJ/cm 2 to form a transparent cured material layer having a total layer thickness of 
7.6 urn. 

[0231] This sample had an initial haze lvalue of 0.5%, an abrasion resistance of 1 .7% after 500 rotations and 2:9% 
after 1000 rotations, and an adhesiveness of 100/100, and a weather resistance of this sample was not changed. 

5 

EXAMPLE 37 

[0232] An inner layer and an outer layer were formed on a resin plate in the same manner as in Example 1 1 , except 
that coating solution (B-2) was used in place of coating solution (B-1) used in Example 1 1 . This sample had an initial 
10 haze value of 0.5%, an abrasion resistance of 0.7% after 500 rotations and 1 .5% after 1000 rotations, and an adhesive- 
ness of 100/100, and a weather resistance of this sample was not changed. 

EXAMPLE 38 

75 [0233] A coating solution (hereinafter referred to as "coating solution (B-3)") was prepared by adding 0.60 g of 2- 
methyl-1 -{4-(methylthio)phenyl}-2-morpholinopropane-1 -one to 100 g of a xylene solution of polysilazane having a part 
of hydrogen on silicon atoms substituted with a methyl group (solid content: 20 wt%, number average molecular weight 
of polysilazane: 1000. tradename "NL710" manufactured by Tonen K.K.) and stirring the mixture at room temperature 
for 60 minutes in nitrogen atmosphere. 

20 [0234] In the same manner as in Example 7, coating solution (A-1) was coated on a resin plate and dried, and was 
irradiated with 150 mJ/cm 2 to form a partially cured material layer having a layer thickness of 7 urn. Thereafter, coating 
solution (B-3) was coated on the partially cured material layer (wet thickness: 6 urn) and dried, and was then irradiated 
with ultraviolet light of 3000 mJ/cm 2 . 

[0235] This sample had an initial haze value of 0.4%. an abrasion resistance of 1 .7% after 500 rotations and 3.0% 
25 after 1 000 rotations, and an adhesiveness of 1 00/1 00. and a weather resistance of this sample was not changed. 

EXAMPLE 39 

[0236] A sample was prepared in the same manner as in Example 6, except that coating solution (B-1) was replaced 
30 by a coating solution (hereinafter referred to as "coating solution (B-4) M ) of a xylene solution of polysilazane having a 
part of hydrogen on silicon atoms substituted with a (perfluoroalkyl) alkyl group (solid content: 20 wt%, tradename 
"FPSZ" manufactured by Tonen K.K.). 

[0237] Thus, coating solution (A-1 ) was coated on a resin plate and was fully irradiated with ultraviolet light to form a 
cured material layer having a layer thickness of 5 urn. Thereafter, coating solution (B-4) was coated on the cured mate- 
35 rial layer (wet thickness: 6 \um) and dried, and was maintained in a hot air-circulating oven at 1 10°C for 120 minutes to 
fully cure, thereby forming two cured material layers having a total layer thickness of 6.2 jim on the resin plate. 
[0238] This sample had an initial haze value of 0.5%. an abrasion resistance of 2.0% after 500 rotations and 3.0% 
after 1000 rotations, and an adhesiveness of 100/100. and a contact angle of the outermost layer surface was 102°. 
The contact angle is a contact angle to water of the surface. 

40 

EXAMPLE 40 

[0239] A sample was prepared in the same manner as in Example 1 1 , except that coating solution (B-4) was used in 
place of coating solution (B-1 ). 

45 [0240] Thus, coating solution (B-4) was coated on a partially cured material layer having a layer thickness of 5 urn 
formed with coating solution (A-2) (wet thickness: 6 urn) and dried, and was irradiated with ultraviolet light of 3000 
mJ/cm 2 , and was then maintained in a hot air-circulating oven at 1 10°C for 120 minutes to fully cure. 
[0241] This sample had an initial haze value of 0.5%, an abrasion resistance of 1.0% after 500 rotations and 1.7% 
after 1000 rotations, and an adhesiveness of 100/100, and a contact angle of the outermost layer surface was 104°. 

50 

EXAMPLE 41 

[0242] Coating solution (A-1) was coated on a resin plate (wet thickness: 30 urn) and dried, and was irradiated with 
ultraviolet light of 150 mJ/cm 2 to form a partially cured material layer having a layer thickness of 7 um. Thereafter, a 
55 xylene solution of perhydropolysilazane containing zinc oxide (tradename "UL-110" manufactured by Tonen K.K., 
number average molecular weight of perhydropolysilazane: 700, content of perhydropolysilazane: 10 wt%, average par- 
ticle size of zinc oxide: 20-30 nm and content of zinc oxide: 10 wt%) (hereinafter referred to as "coating solution (B-5)") 
was coated on the above partially cured coating material layer (wet thickness: 3 and coating solution (B-1) was 
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further coated thereon (total wet thickness: 6 ^m) and dried, which was then irradiated with ultraviolet light of 3000 
mJ/cm 2 . 

[0243] This sample was further maintained in air atmosphere having a relative humidity of 50% for 24 hours to form 
a transparent cured material layer having a total layer thickness of 8.2 |im. 
5 [0244] This sample had an initial haze value of 0.5%, an abrasion resistance of 0.8% after 500 rotations and an adhe- 
siveness of 100/100, and a weather resistance of this sample was not changed, and ultraviolet light absorbing perform- 
ance of this sample was 0.9%. 

EXAMPLE 42 

10 

[0245] A coating composition (hereinafter referred to as "coating solution (B-6)") was prepared by adding 2.0 g of 2- 
{2-hydroxy-5-(2-acryloyloxyethyl)phenyl}benzotriazol to 100 g of a xylene solution of perhydropolysilazane containing 
no catalyst used in Example 9 (tradename: "V1 10", hereinafter referred to as "V1 10"), and stirring the mixture at room 
temperature for 1 hour in nitrogen atmosphere. 

15 [0246] In the same manner as in Example 1 1 , coating solution (A-2) was coated on a resin plate to form a partially 
cured material layer having a layer thickness of 7 ujti. Thereafter coating solution (B-6) was coated thereon (wet thick- 
ness: 6 nm) and dried, which was then irradiated with ultraviolet light of 3000 mJ/cm 2 and was maintained in air atmos- 
phere having a relative humidity of 50% for 24 hours to form a transparent cured material layer having a total layer 
thickness of 8.2 pm. Physical properties of the sample thus obtained were measured. 

20 [0247] This sample had an initial haze value of 0.5%, an abrasion resistance of 0.9% after 500 rotations and an adhe- 
siveness of 100/100, and a weather resistance of this sample was not changed, and this sample had an ultraviolet light 
absorbing performance of 1 .5%. 

EXAMPLE 43 

25 

[0248] A coating composition (hereinafter referred to as "coating solution (B-7)") was obtained by adding 20 g of a 
xylene dispersion of colloidal tin oxide (solid content: 20 wt%. average particle size of colloidal tin oxide: 30 nm, manu- 
factured by Shokubai Kasei K.K.) to 100 g of "V1 10" and stirring the mixture at room temperature in nitrogen atmos- 
phere for 30 minutes. 

30 [0249] In the same manner as in Example 7, coating solution (A-1) was coated on a resin plate to form a partially 
cured material layer having a layer thickness of 7 fim. Coating solution (B-7) was coated thereon (wet thickness: 6 nm) 
and dried, and was irradiated with ultraviolet light of 3000 mJ/cm 2 and was maintained in air atmosphere having a rel- 
ative humidity of 50% for 24 hours to form a transparent cured material layer having a total layer thickness of 8.2 nm. 
Physical properties of the sample thus obtained were measured. 

35 [0250] This sample had an initial haze value of 0.6%, an abrasion resistance of 0.7% after 500 rotations and an adhe- 
siveness of 1 00/100, and a weather resistance of this sample was not changed. 

EXAMPLE 44 

40 [0251] A coating composition (hereinafter referred to as "coating solution (B-8)") was obtained by adding 20 g of a 
xylene dispersion of colloidal silica (solid content: 20 wt%, average particle size of colloidal silica: 15 nm, manufactured 
by Shokubai Kasei K.K.) to 100 g of "V110", and stirring the mixture at room temperature for 30 minutes in nitrogen 
atmosphere. 

[0252] In the same manner as in Example 7, coating solution (A-1) was coated on a resin plate to form a partially 
45 cured material layer having a layer thickness of 7 nm. Coating solution (B-8) was coated on the partially cured material 
layer (wet thickness: 6 nm) and dried, which was then irradiated with ultraviolet light of 3000 mJ/cm 2 and was main- 
tained in air atmosphere having a relative humidity of 50% for 24 hours to form a transparent cured material layer having 
a total layer thickness of 8.2 fim. Physical properties of the sample thus obtained were measured. 
[0253] This sample had an initial haze value of 0.5%, an abrasion resistance of 0.6% after 500 rotations and an adhe- 
so siveness of 1 00/100, and a weather resistance of this sample was not changed. 

EXAMPLE 45 

[0254] A coating composition (hereinafter referred to as "coating solution (B-9)") was obtained by adding 4 g of tricy- 
55 clodecanedimethanol diacrylate to 100 g of "V1 10" and stirring the mixture at room temperature for 30 minutes in nitro- 
gen atmosphere. 

[0255] In the same manner as in Example 7, coating solution (A-1) was coated on a resin plate to form a partially 
cured material layer having a layer thickness of 7 urn. Thereafter, coating solution (B-9) was coated on the partially 
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cured material layer (wet thickness: 6 urn) and dried, which was then irradiated with ultraviolet light of 3000 mj/cm 2 and 
was maintained in air atmosphere having a relative humidity of 50% for 24 hours to form a transparent cured material 
layer having a layer thickness of 8.4 urn. Physical properties of the sample thus obtained were" measured. 
[0256] This sample had an initial haze value of 0.6%, an abrasion resistance of 1 .7% after 500 rotations and an adhe- 
5 siveness of 1 00/1 00, and a weather resistance of this sample was not changed. 

Claims 

1 . A transparent coated molded product comprising a transparent synthetic resin substrate and two or more transpar- 
io ent cured material layers provided on at least one part of the surface of the transparent synthetic resin substrate, 

wherein an inner layer in contact with the outermost layer of the two or more transparent cured material layers is 
an abrasion-resistant layer which is a cured material of an active energy ray-curable coating agent (A) containing a 
polyfunction^ compound (a) having at least 2 active energy ray-curable polymerizable functional groups and the 
outermost layer is a silica layer which is a cured material of a curable coating agent (B) of polysilazane or a curable 
15 coating agent (B) containing polysilazane. 

2. The transparent coated molded product according to Claim 1 , wherein the coating agent (A) further contains a col- 
loidal silica having an average particle size of at most 200 nm. 

20 3. The transparent coated molded product according to Claim 1 or 2, wherein the coating agent (A) further contains 
an ultraviolet light absorber. 

4. The transparent coated molded product according to any one of Claims 1 to 3, wherein the cured material layer of 
the coating agent (A) has a thickness of from 1 to 50 nm. 

25 

5. The transparent coated molded product according to any one of Claims 1 to 4, wherein the cured material of the 
coating agent (A) is a cured material having an abrasion resistance expressed by a haze value of at most 1 5 % after 
100 times rotations of an abrasion resistance test in accordance with JIS R 3212. 

30 6. The transparent coated molded product according to any one of Claims 1 to 5, wherein the polysilazane is perhy- 
dropolysilazane. 

7. The transparent coated molded product according to any one of Claims 1 to 6, wherein the cured material layer of 
the coating agent (B) has a thickness of from 0.05 to 10 jim. 

35 

8. A method for preparing a transparent coated molded product comprising a transparent synthetic resin substrate 
and two or more transparent cured material layers provided on at least one part of the surface of the transparent 
synthetic resin substrate, wherein an inner layer in contact with the outermost layer of the two or more transparent 
cured material layers is a cured material layer of an active energy ray-curable coating agent (A) containing a poly- 

40 functional compound (a) having at least 2 active energy ray-curable polymerizable functional groups and the outer- 
most layer is a silica layer of a cured material of a curable coating agent (B) of polysilazane or a curable coating 
agent (B) containing polysilazane, the method comprising forming a cured material layer of the coating agent (A), 
forming an uncured material layer of the coating agent (B) on the surface of the cured material layer of the coating 
agent (A) and then curing. 

45 

9. A method for preparing a transparent coated molded product comprising a transparent synthetic resin substrate 
and two or more transparent cured material layers provided on at least one part of the surface of the transparent 
synthetic resin substrate, wherein an inner layer in contact with the outermost layer of the two or more transparent 
cured material layers is a cured material layer of an active energy ray-curable coating agent (A) containing a poly- 

50 functional compound (a) having at least 2 active energy ray-curable polymerizable functional groups and the outer- 
most layer is a silica layer of a cured material of a curable coating agent (B) of polysilazane or a curable coating 
agent (B) containing polysilazane, the method comprising forming an uncured or partially cured material layer of 
the coating agent (A), forming an uncured material layer of the coating agent (B) on the surface of the uncured or 
partially cured material layer of the coating agent (A), and curing the uncured or partially cured material of the coat- 

55 ing agent (A) and the uncured material of the coating agent (B). 

10. A method for preparing a bending-processed transparent coated molded product comprising a transparent syn- 
thetic resin substrate and 2 or more transparent cured material layers provided on at least one part of the surface 
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of the transparent synthetic resin substrate, wherein an inner layer in contact with the outermost layer of the 2 or 
more transparent cured material layers is a cured material layer of an active energy ray-curable coating agent (A) 
•containing a polyfunction^ compound (a) having at least 2 active energy ray-curable polymerizable functional 
groups and the outermost layer is a silica layer of a cured material of a curable coating agent (B) of poiysilazane or 
a curable coating agent (B) containing poiysilazane, the method comprising forming a layer of an uncured, partially 
cured or cured material of the coating agent (A), forming a layer of an uncured or partially cured material of the 
coating agent (B) on the surface of the layer of the coating agent (A), subjecting the substrate having these layers 
to bending-processing, and then curing the uncured or partially cured material of the coating agent (B) and the 
uncured or partially cured material of the coating agent (A). 
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